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(57) Abstract: The disclosure relates to a 5G or 6G communication
system for supporting a higher data transmission rate. Apparatuses
and methods for channel state information (CSI) codebook for mul-
tiple antenna groups. a method performed by a user equipment (UE)
is provided. The method includes receiving information about a CSI
report; determining the CSI report associated with Ny CSI reference
signal (CSI-RS) resources; and transmitting the CSI report. The in-
formation indicates the N, CSI-RS resources, where each of the N,
CSI-RS resources comprises 2NN, dual-polarized antenna potts. N
and N, are numbers of antenna ports associated with a same polar-
ization in first and second dimensions, respectively. The CSI report
includes: information of a spatial-domain (SD) basis vector v; that is
common for two polarizations for the N CSI-RS resources for each
layer, information of an inter-resource co-phase value c;; for a CSI-
RS resource ;. #* with respect to a reference CSI-RS resource r for
each layer, and information of an inter-polarization co-phase value ¢,
for a CSI-RS resource .
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Description
Title of Invention: METHOD AND APPARATUS FOR
USING A CSI CODEBOOK FOR MULTIPLE ANTENNA

GROUPS IN A WIRELESS COMMUNICATION SYSTEM
Technical Field

The present disclosure relates generally to wireless communication systems and,
more specifically, the present disclosure is related to apparatuses and methods for
channel state information (CSI) codebook for multiple antenna groups.
Background Art

5G mobile communication technologies define broad frequency bands such that
high transmission rates and new services are possible, and can be implemented not
only in "Sub 6GHz" bands such as 3.5GHz, but also in "Above 6GHz" bands referred
to as mmWave including 28 GHz and 39GHz. In addition, it has been considered to
implement 6G mobile communication technologies (referred to as Beyond 5G systems)
in terahertz (THz) bands (for example, 95GHz to 3THz bands) in order to accomplish
transmission rates fifty times faster than 5G mobile communication technologies and
ultra-low latencies one-tenth of 5G mobile communication technologies.

At the beginning of the development of 5G mobile communication technologies, in
order to support services and to satisfy performance requirements in connection with
enhanced Mobile BroadBand (eMBB), Ultra Reliable Low Latency Communications
(URLLC), and massive Machine-Type Communications (mMTC), there has been
ongoing standardization regarding beamforming and massive MIMO for mitigating
radio-wave path loss and increasing radio-wave transmission distances in mmWave,
supporting numerologies (for example, operating multiple subcarrier spacings) for
efficiently utilizing mmWave resources and dynamic operation of slot formats, initial
access technologies for supporting multi-beam transmission and broadbands, definition
and operation of BWP (BandWidth Part), new channel coding methods such as a
LDPC (Low Density Parity Check) code for large amount of data transmission and a
polar code for highly reliable transmission of control information, L2 pre-processing,
and network slicing for providing a dedicated network specialized to a specific service.

Currently, there are ongoing discussions regarding improvement and performance
enhancement of initial 5G mobile communication technologies in view of services to
be supported by 5G mobile communication technologies, and there has been physical
layer standardization regarding technologies such as V2X (Vehicle-to-everything) for
aiding driving determination by autonomous vehicles based on information regarding

positions and states of vehicles transmitted by the vehicles and for enhancing user
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convenience, NR-U (New Radio Unlicensed) aimed at system operations conforming
to various regulation-related requirements in unlicensed bands, NR UE Power Saving,
Non-Terrestrial Network (NTN) which is UE-satellite direct communication for
providing coverage in an area in which communication with terrestrial networks is
unavailable, and positioning.

Moreover, there has been ongoing standardization in air interface architecture/
protocol regarding technologies such as Industrial Internet of Things (IloT) for
supporting new services through interworking and convergence with other industries,
IAB (Integrated Access and Backhaul) for providing a node for network service area
expansion by supporting a wireless backhaul link and an access link in an integrated
manner, mobility enhancement including conditional handover and DAPS (Dual
Active Protocol Stack) handover, and two-step random access for simplifying random
access procedures (2-step RACH for NR). There also has been ongoing standardization
in system architecture/service regarding a 5G baseline architecture (for example,
service based architecture or service based interface) for combining Network Functions
Virtualization (NFV) and Software-Defined Networking (SDN) technologies, and
Mobile Edge Computing (MEC) for receiving services based on UE positions.

As 5G mobile communication systems are commercialized, connected devices that
have been exponentially increasing will be connected to communication networks,
and it is accordingly expected that enhanced functions and performances of 5G
mobile communication systems and integrated operations of connected devices will
be necessary. To this end, new research is scheduled in connection with eXtended
Reality (XR) for efficiently supporting AR (Augmented Reality), VR (Virtual Reality),
MR (Mixed Reality) and the like, 5G performance improvement and complexity
reduction by utilizing Artificial Intelligence (Al) and Machine Learning (ML), Al
service support, metaverse service support, and drone communication.

Furthermore, such development of 5G mobile communication systems will serve as
a basis for developing not only new waveforms for providing coverage in terahertz
bands of 6G mobile communication technologies, multi-antenna transmission
technologies such as Full Dimensional MIMO (FD-MIMO), array antennas and
large-scale antennas, metamaterial-based lenses and antennas for improving
coverage of terahertz band signals, high-dimensional space multiplexing technology
using OAM (Orbital Angular Momentum), and RIS (Reconfigurable Intelligent
Surface), but also full-duplex technology for increasing frequency efficiency of 6G
mobile communication technologies and improving system networks, Al-based
communication technology for implementing system optimization by utilizing
satellites and Al (Artificial Intelligence) from the design stage and internalizing end-

to-end Al support functions, and next-generation distributed computing technology
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for implementing services at levels of complexity exceeding the limit of UE operation
capability by utilizing ultra-high-performance communication and computing
resources.

Wireless communication has been one of the most successful innovations in modern
history. Recently, the number of subscribers to wireless communication services
exceeded five billion and continues to grow quickly. The demand of wireless data
traffic is rapidly increasing due to the growing popularity among consumers and
businesses of smart phones and other mobile data devices, such as tablets, "note pad"
computers, net books, eBook readers, and machine type of devices. In order to meet
the high growth in mobile data traffic and support new applications and deployments,
improvements in radio interface efficiency and coverage are of paramount importance.
To meet the demand for wireless data traffic having increased since deployment
of 4G communication systems, and to enable various vertical applications, 5G

communication systems have been developed and are currently being deployed.
Disclosure of Invention

Technical Problem

The present disclosure relates to CSI codebook for multiple antenna groups.
Solution to Problem

In one embodiment, a user equipment (UE) is provided. The UE includes a
transceiver configured to receive information about a channel state information (CSI)
report. The information indicates N, CSI reference signal (CSI-RS) resources, where
N, > 1 and each of the N, CSI-RS resources comprises 2NN, dual-polarized antenna
ports. N; and N, are numbers of antenna ports associated with a same polarization
in first and second dimensions, respectively. The UE further includes a processor
operably coupled to the transceiver. The processor, based on the information, is
configured to measure the N, CSI-RS resources and determine the CSI report
associated with the N, CSI-RS resources. The CSI report includes: information of a
spatial-domain (SD) basis vector v, that is common for two polarizations for the N,
CSI-RS resources for each layer I=1, ..., v, where v>1 is a rank value, information
of an inter-resource co-phase value ¢, for a CSI-RS resource Yr#r with respect to
a reference CSI-RS resource r for layer 1, and information of an inter-polarization
co-phase value ¢, for a CSI-RS resource r. The transceiver is further configured to
transmit the CSI report.

In another embodiment, a base station (BS) is provided. The BS includes a processor
and a transceiver operably coupled to the processor. The transceiver is configured
to transmit information about a CSI report, transmit on N, CSI-RS resources, and

receive the CSI report associated with the N, CSI-RS resources. The information
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indicates the N, CSI-RS resources, where N,>1 and each of the N, CSI-RS resources
comprises 2N;N, dual-polarized antenna ports. N; and N, are numbers of antenna
ports associated with a same polarization in first and second dimensions, respectively.
The CSI report includes: information of a SD basis vector v; that is common for two
polarizations for the N, CSI-RS resources for each layer 1=1,... ,v, where v>1 is a rank
value, information of an inter-resource co-phase value c,, for a CSI-RS resource Yr#r
with respect to a reference CSI-RS resource r for layer 1, and information of an inter-
polarization co-phase value ¢, for a CSI-RS resource 1.

In yet another embodiment, a method performed by a UE is provided. The method
includes receiving information about a CSI report; based on the information,
measuring N, CSI-RS resources and determining the CSI report associated with the N,

CSI-RS resources; and transmitting the CSI report. The information indicates the N,
CSI-RS resources, where N,>1 and each of the N, CSI-RS resources comprises 2N,
N, dual-polarized antenna ports. N; and N, are numbers of antenna ports associated
with a same polarization in first and second dimensions, respectively. The CSI report
includes: information of a SD basis vector v, that is common for two polarizations

for the N, CSI-RS resources for each layer 1=1,...,v, where v>1 is a rank value,
information of an inter-resource co-phase value c,; for a CSI-RS resource Yr#r with

respect to a reference CSI-RS resource r~ for layer 1, and information of an inter-
polarization co-phase value ¢, for a CSI-RS resource 1.
Other technical features may be readily apparent to one skilled in the art from the

following figures, descriptions, and claims.
Advantageous Effects of Invention

Aspects of the present disclosure provide efficient communication methods in a
wireless communication system.
Brief Description of Drawings

For a more complete understanding of the present disclosure and its advantages,
reference is now made to the following description taken in conjunction with the
accompanying drawings, in which like reference numerals represent like parts:

FIGURE 1 illustrates an example wireless network according to embodiments of the
present disclosure;

FIGURE 2 illustrates an example gNodeB (gNB) according to embodiments of the
present disclosure;

FIGURE 3 illustrates an example UE according to embodiments of the present
disclosure;

FIGURE 4A and 4B illustrate an example of a wireless transmit and receive paths

according to embodiments of the present disclosure;



WO 2024/242535 PCT/KR2024/095814

[20] FIGURE 5 illustrates an example of a transmitter structure for beamforming
according to embodiments of the present disclosure;

[21] FIGURE 6 illustrates an example of a transmitter structure for physical downlink
shared channel (PDSCH) in a subframe according to embodiments of the present
disclosure;

[22] FIGURE 7 illustrates an example of a receiver structure for PDSCH in a subframe
according to embodiments of the present disclosure;

[23] FIGURE 8§ illustrates an example of a transmitter structure for physical uplink shared
channel (PUSCH) in a subframe according to embodiments of the present disclosure;

[24] FIGURE 9 illustrates an example of a receiver structure for a PUSCH in a subframe
according to embodiments of the present disclosure;

[25] FIGURE 10 illustrates an example of a distributed MIMO (DMIMO) according to
embodiments of the present disclosure;

[26] FIGURE 11 illustrates an example of a timeline for channel measurement with and
without Doppler components according to embodiments of the present disclosure;

[27] FIGURE 12 illustrates a diagram of an antenna port layout according to
embodiments of the present disclosure;

[28] FIGURE 13 illustrates a diagram of an example 3D grid of direct Fourier transform
(DFT) beams according to embodiments of the present disclosure;

[29] FIGURE 14 illustrates an example of a UE moving on a trajectory located in a
distributed MIMO according to embodiments of the present disclosure;

[30] FIGURE 15 illustrates examples of a UE moving on a trajectory located in co-located
and distributed transmit-receive points (TRP)according to embodiments of the present
disclosure;

[31] FIGURE 16 illustrates an example of a timeline for a UE to receive non-zero-
power (NZP) channel state information reference signal (CSI-RS) resource(s) bursts
according to embodiments of the present disclosure;

[32] FIGURE 17 illustrates examples of timelines for partitioned CSI-RS burst instances
according to embodiments of the present disclosure;

[33] FIGURE 18 illustrates an example of a timeline for resource block (RB) and subband
(SB) partitions according to embodiments of the present disclosure;

[34] FIGURE 19 illustrates a diagram of an example number of CSI-RS resource groups
according to embodiments of the present disclosure;

[35] FIGURE 20 illustrates a diagram of an example number of CSI-RS resource groups
according to embodiments of the present disclosure;

[36] FIGURE 21 illustrates a diagram of an example number of CSI-RS resource groups

according to embodiments of the present disclosure;
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[37] FIGURE 22 illustrates a diagram of an example number of CSI-RS resource groups
according to embodiments of the present disclosure;

[38] FIGURE 23 illustrates a diagram of an example number of CSI-RS resource groups
according to embodiments of the present disclosure;

[39] FIGURE 24 illustrates a diagram of an example number of CSI-RS resources
according to embodiments of the present disclosure;

[40] FIGURE 25 illustrates a diagram of an example number of CSI-RS resource groups
according to embodiments of the present disclosure;

[41] FIGURE 26 illustrates a diagram of an example number of CSI-RS resource groups
according to embodiments of the present disclosure;

[42] FIGURE 27 illustrates a diagram of an example number of CSI-RS resource groups
according to embodiments of the present disclosure;

[43] FIGURE 28 illustrates an example method performed by a UE in a wireless
communication system according to embodiments of the present disclosure;

[44] FIGURE 29 illustrates a block diagram illustrating a structure of a UE according to
embodiments of the present disclosure; and

[45] FIGURE 30 illustrates a block diagram illustrating a structure of a base station
according to embodiments of the present disclosure, as disclosed herein.
Mode for the Invention

[46] Before undertaking the DETAILED DESCRIPTION below, it may be advantageous
to set forth definitions of certain words and phrases used throughout this patent
document. The term "couple" and its derivatives refer to any direct or indirect
communication between two or more elements, whether or not those elements

"o

are in physical contact with one another. The terms "transmit,"” "receive,” and
"communicate,” as well as derivatives thereof, encompass both direct and indirect
communication. The terms "include" and "comprise," as well as derivatives thereof,
mean inclusion without limitation. The term "or" is inclusive, meaning and/or. The
phrase "associated with," as well as derivatives thereof, means to include, be included
within, interconnect with, contain, be contained within, connect to or with, couple to or
with, be communicable with, cooperate with, interleave, juxtapose, be proximate to, be
bound to or with, have, have a property of, have a relationship to or with, or the like.
The term "controller" means any device, system, or part thereof that controls at least
one operation. Such a controller may be implemented in hardware or a combination

of hardware and software and/or firmware. The functionality associated with any
particular controller may be centralized or distributed, whether locally or remotely.
The phrase "at least one of," when used with a list of items, means that different

combinations of one or more of the listed items may be used, and only one item in the
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list may be needed. For example, "at least one of: A, B, and C" includes any of the
following combinations: A, B, C, A and B, A and C, B and C, and A and B and C.

Moreover, various functions described below can be implemented or supported by
one or more computer programs, each of which is formed from computer readable
program code and embodied in a computer readable medium. The terms "application”
and "program" refer to one or more computer programs, software components, sets
of instructions, procedures, functions, objects, classes, instances, related data, or a
portion thereof adapted for implementation in a suitable computer readable program
code. The phrase "computer readable program code" includes any type of computer
code, including source code, object code, and executable code. The phrase "computer
readable medium" includes any type of medium capable of being accessed by a
computer, such as read only memory (ROM), random access memory (RAM), a hard
disk drive, a compact disc (CD), a digital video disc (DVD), or any other type of
memory. A "non-transitory" computer readable medium excludes wired, wireless,
optical, or other communication links that transport transitory electrical or other
signals. A non-transitory computer readable medium includes media where data can be
permanently stored and media where data can be stored and later overwritten, such as a
rewritable optical disc or an erasable memory device.

Definitions for other certain words and phrases are provided throughout this patent
document. Those of ordinary skill in the art should understand that in many if not most
instances, such definitions apply to prior as well as future uses of such defined words
and phrases.

FIGURES 1-30, discussed below, and the various, non-limiting embodiments used
to describe the principles of the present disclosure in this patent document are by way
of illustration only and should not be construed in any way to limit the scope of the
disclosure. Those skilled in the art will understand that the principles of the present
disclosure may be implemented in any suitably arranged system or device.

To meet the demand for wireless data traffic having increased since deployment
of 4G communication systems, and to enable various vertical applications, SG/NR
communication systems have been developed and are currently being deployed.

The SG/NR communication system is implemented in higher frequency (mmWave)
bands, e.g., 28 GHz or 60GHz bands, so as to accomplish higher data rates or in lower
frequency bands, such as 6 GHz, to enable robust coverage and mobility support. To
decrease propagation loss of the radio waves and increase the transmission distance,
the beamforming, massive multiple-input multiple-output (MIMO), full dimensional
MIMO (FD-MIMO), array antenna, an analog beam forming, large scale antenna

techniques are discussed in SG/NR communication systems.
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In addition, in SG/NR communication systems, development for system network
improvement is under way based on advanced small cells, cloud radio access networks
(RANS), ultra-dense networks, device-to-device (D2D) communication, wireless
backhaul, moving network, cooperative communication, coordinated multi-points
(CoMP), reception-end interference cancelation and the like.

The discussion of 5G systems and frequency bands associated therewith is for
reference as certain embodiments of the present disclosure may be implemented in 5G
systems. However, the present disclosure is not limited to 5G systems, or the frequency
bands associated therewith, and embodiments of the present disclosure may be utilized
in connection with any frequency band. For example, aspects of the present disclosure
may also be applied to deployment of 5G communication systems, 6G, or even later
releases which may use terahertz (THz) bands.

The following documents and standards descriptions are hereby incorporated by
reference into the present disclosure as if fully set forth herein: [1] 3GPP TS 36.211
v17.0.0, "E-UTRA, Physical channels and modulation;"” [2] 3GPP TS 36.212 v17.0.0,
"E-UTRA, Multiplexing and Channel coding;" [3] 3GPP TS 36.213 v17.0.0, "E-
UTRA, Physical Layer Procedures;" [4] 3GPP TS 36.321 v17.0.0, "E-UTRA, Medium
Access Control (MAC) protocol specification;" [S] 3GPP TS 36.331 v17.0.0, "E-
UTRA, Radio Resource Control (RRC) Protocol Specification;" [6] 3GPP TR 22.891
v1.2.0; [7] 3GPP TS 38.212 v17.4.0, "E-UTRA, NR, Multiplexing and Channel
coding;" [8] 3GPP TS 38.214 v17.4.0, "E-UTRA, NR, Physical layer procedures for
data;" [9] RP-192978, "Measurement results on Doppler spectrum for various UE
mobility environments and related CSI enhancements," Fraunhofer IIS, Fraunhofer
HHI, Deutsche Telekom; [10] 3GPP TS 38.211 v17.4.0, "E-UTRA, NR, Physical
channels and modulation;" [11] 3GPP TS 38.213 v17.4.0, "E-UTRA, NR, Physical
layer procedures for control;" and [12] 3GPP TS 38.306 v17.4.0, "E-UTRA, NR, User
Equipment (UE) radio access capabilities."

FIGURES 1-30 below describe various embodiments implemented in wireless
communications systems and with the use of orthogonal frequency division
multiplexing (OFDM) or orthogonal frequency division multiple access (OFDMA)
communication techniques. The descriptions of FIGURES 1-3 are not meant to
imply physical or architectural limitations to how different embodiments may be
implemented. Different embodiments of the present disclosure may be implemented in
any suitably arranged communications system.

FIGURE 1 illustrates an example wireless network 100 according to embodiments
of the present disclosure. The embodiment of the wireless network 100 shown in
FIGURE 1 is for illustration only. Other embodiments of the wireless network 100

could be used without departing from the scope of the present disclosure.
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[56] As shown in FIGURE 1, the wireless network 100 includes a gNB 101 (e.g., base
station, BS), a gNB 102, and a gNB 103. The gNB 101 communicates with the gNB
102 and the gNB 103. The gNB 101 also communicates with at least one network
130, such as the Internet, a proprietary Internet Protocol (IP) network, or other data
network.

[57] The gNB 102 provides wireless broadband access to the network 130 for a first
plurality of user equipments (UEs) within a coverage area 120 of the gNB 102. The
first plurality of UEs includes a UE 111, which may be located in a small business;

a UE 112, which may be located in an enterprise; a UE 113, which may be a WiFi
hotspot; a UE 114, which may be located in a first residence; a UE 115, which may
be located in a second residence; and a UE 116, which may be a mobile device, such
as a cell phone, a wireless laptop, a wireless PDA, or the like. The gNB 103 provides
wireless broadband access to the network 130 for a second plurality of UEs within

a coverage area 125 of the gNB 103. The second plurality of UEs includes the UE
115 and the UE 116. In some embodiments, one or more of the gNBs 101-103 may
communicate with each other and with the UEs 111-116 using SG/NR, long term
evolution (LTE), long term evolution-advanced (LTE-A), WiMAX, WiFi, or other
wireless communication techniques.

[58] Depending on the network type, the term "base station" or "BS" can refer to any
component (or collection of components) configured to provide wireless access to a
network, such as transmit point (TP), transmit-receive point (TRP), an enhanced base
station (eNodeB or eNB), a 5G/NR base station (gNB), a macrocell, a femtocell, a
WiFi access point (AP), or other wirelessly enabled devices. Base stations may provide

wireless access in accordance with one or more wireless communication protocols,

e.g., SG/NR 3" generation partnership project (3GPP) NR, long term evolution (LTE),
LTE advanced (LTE-A), high speed packet access (HSPA), Wi-Fi 802.11a/b/g/n/ac,
etc. For the sake of convenience, the terms "BS" and "TRP" are used interchangeably
in this patent document to refer to network infrastructure components that provide
wireless access to remote terminals. Also, depending on the network type, the term
"user equipment” or "UE" can refer to any component such as "mobile station,"

"o

"subscriber station,"” "remote terminal," "wireless terminal," "receive point," or "user
device." For the sake of convenience, the terms "user equipment” and "UE" are used
in this patent document to refer to remote wireless equipment that wirelessly accesses
a BS, whether the UE is a mobile device (such as a mobile telephone or smartphone)
or is normally considered a stationary device (such as a desktop computer or vending
machine).

[59] The dotted lines show the approximate extents of the coverage areas 120 and

125, which are shown as approximately circular for the purposes of illustration and
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explanation only. It should be clearly understood that the coverage areas associated
with gNBs, such as the coverage areas 120 and 125, may have other shapes, including
irregular shapes, depending upon the configuration of the gNBs and variations in the
radio environment associated with natural and man-made obstructions.

As described in more detail below, one or more of the UEs 111-116 include circuitry,
programing, or a combination thereof for utilizing a CSI codebook for multiple
antenna groups. In certain embodiments, one or more of the BSs 101-103 include
circuitry, programing, or a combination thereof to support a CSI codebook for multiple
antenna groups.

Although FIGURE 1 illustrates one example of a wireless network, various changes
may be made to FIGURE 1. For example, the wireless network 100 could include any
number of gNBs and any number of UEs in any suitable arrangement. Also, the gNB
101 could communicate directly with any number of UEs and provide those UEs with
wireless broadband access to the network 130. Similarly, each gNB 102-103 could
communicate directly with the network 130 and provide UEs with direct wireless
broadband access to the network 130. Further, the gNBs 101, 102, and/or 103 could
provide access to other or additional external networks, such as external telephone
networks or other types of data networks.

FIGURE 2 illustrates an example gNB 102 according to embodiments of the
present disclosure. The embodiment of the gNB 102 illustrated in FIGURE 2 is for
illustration only, and the gNBs 101 and 103 of FIGURE 1 could have the same or
similar configuration. However, gNBs come in a wide variety of configurations,
and FIGURE 2 does not limit the scope of the present disclosure to any particular
implementation of a gNB.

As shown in FIGURE 2, the gNB 102 includes multiple antennas 205a-2035n,
multiple transceivers 210a-210n, a controller/processor 225, a memory 230, and a
backhaul or network interface 235.

The transceivers 210a-210n receive, from the antennas 205a-205n, incoming radio
frequency (RF) signals, such as signals transmitted by UEs in the wireless network
100. The transceivers 210a-210n down-convert the incoming RF signals to generate
IF or baseband signals. The IF or baseband signals are processed by receive (RX)
processing circuitry in the transceivers 210a-210n and/or controller/processor 225,
which generates processed baseband signals by filtering, decoding, and/or digitizing
the baseband or IF signals. The controller/processor 225 may further process the
baseband signals.

Transmit (TX) processing circuitry in the transceivers 210a-210n and/or controller/
processor 225 receives analog or digital data (such as voice data, web data, e-mail, or

interactive video game data) from the controller/processor 225. The TX processing
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circuitry encodes, multiplexes, and/or digitizes the outgoing baseband data to generate
processed baseband or IF signals. The transceivers 210a-210n up-converts the
baseband or IF signals to RF signals that are transmitted via the antennas 205a-205n.

The controller/processor 225 can include one or more processors or other processing
devices that control the overall operation of the gNB 102. For example, the controller/
processor 225 could control the reception of uplink (UL) channel signals and the
transmission of downlink (DL) channel signals by the transceivers 210a-210n in
accordance with well-known principles. The controller/processor 225 could support
additional functions as well, such as more advanced wireless communication functions.
For instance, the controller/processor 225 could support beam forming or directional
routing operations in which outgoing/incoming signals from/to multiple antennas
205a-205n are weighted differently to effectively steer the outgoing signals in a desired
direction. As another example, the controller/processor 225 could support methods for
a CSI codebook for multiple antenna groups. Any of a wide variety of other functions
could be supported in the gNB 102 by the controller/processor 225.

The controller/processor 225 is also capable of executing programs and other
processes resident in the memory 230, such as processes to support a CSI codebook for
multiple antenna groups. The controller/processor 225 can move data into or out of the
memory 230 as required by an executing process.

The controller/processor 225 is also coupled to the backhaul or network interface
235. The backhaul or network interface 235 allows the gNB 102 to communicate with
other devices or systems over a backhaul connection or over a network. The interface
235 could support communications over any suitable wired or wireless connection(s).
For example, when the gNB 102 is implemented as part of a cellular communication
system (such as one supporting SG/NR, LTE, or LTE-A), the interface 235 could
allow the gNB 102 to communicate with other gNBs over a wired or wireless backhaul
connection. When the gNB 102 is implemented as an access point, the interface 235
could allow the gNB 102 to communicate over a wired or wireless local area network
or over a wired or wireless connection to a larger network (such as the Internet). The
interface 235 includes any suitable structure supporting communications over a wired
or wireless connection, such as an Ethernet or transceiver.

The memory 230 is coupled to the controller/processor 225. Part of the memory
230 could include a RAM, and another part of the memory 230 could include a Flash
memory or other ROM.

Although FIGURE 2 illustrates one example of gNB 102, various changes may be
made to FIGURE 2. For example, the gNB 102 could include any number of each
component shown in FIGURE 2. Also, various components in FIGURE 2 could be
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combined, further subdivided, or omitted and additional components could be added
according to particular needs.

FIGURE 3 illustrates an example UE 116 according to embodiments of the present
disclosure. The embodiment of the UE 116 illustrated in FIGURE 3 is for illustration
only, and the UEs 111-115 of FIGURE 1 could have the same or similar configuration.
However, UEs come in a wide variety of configurations, and FIGURE 3 does not limit
the scope of the present disclosure to any particular implementation of a UE.

As shown in FIGURE 3, the UE 116 includes antenna(s) 305, a transceiver(s) 310,
and a microphone 320. The UE 116 also includes a speaker 330, a processor 340, an
input/output (I/O) interface (IF) 345, an input 350, a display 355, and a memory 360.
The memory 360 includes an operating system (OS) 361 and one or more applications
362.

The transceiver(s) 310 receives from the antenna(s) 305, an incoming RF signal
transmitted by a gNB of the wireless network 100. The transceiver(s) 310 down-
converts the incoming RF signal to generate an intermediate frequency (IF) or
baseband signal. The IF or baseband signal is processed by RX processing circuitry
in the transceiver(s) 310 and/or processor 340, which generates a processed baseband
signal by filtering, decoding, and/or digitizing the baseband or IF signal. The RX
processing circuitry sends the processed baseband signal to the speaker 330 (such as
for voice data) or is processed by the processor 340 (such as for web browsing data).

TX processing circuitry in the transceiver(s) 310 and/or processor 340 receives
analog or digital voice data from the microphone 320 or other outgoing baseband data
(such as web data, e-mail, or interactive video game data) from the processor 340. The
TX processing circuitry encodes, multiplexes, and/or digitizes the outgoing baseband
data to generate a processed baseband or IF signal. The transceiver(s) 310 up-converts
the baseband or IF signal to an RF signal that is transmitted via the antenna(s) 305.

The processor 340 can include one or more processors or other processing devices
and execute the OS 361 stored in the memory 360 in order to control the overall
operation of the UE 116. For example, the processor 340 could control the reception
of DL channel signals and the transmission of UL channel signals by the transceiver(s)
310 in accordance with well-known principles. In some embodiments, the processor
340 includes at least one microprocessor or microcontroller.

The processor 340 is also capable of executing other processes and programs
resident in the memory 360. For example, the processor 340 may execute processes
for utilizing a CSI codebook for multiple antenna groups as described in embodiments
of the present disclosure. The processor 340 can move data into or out of the memory
360 as required by an executing process. In some embodiments, the processor 340

is configured to execute the applications 362 based on the OS 361 or in response to
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signals received from gNBs or an operator. The processor 340 is also coupled to the
I/0 interface 345, which provides the UE 116 with the ability to connect to other
devices, such as laptop computers and handheld computers. The I/O interface 345 is
the communication path between these accessories and the processor 340.

The processor 340 is also coupled to the input 350, which includes, for example, a
touchscreen, keypad, etc., and the display 355. The operator of the UE 116 can use
the input 350 to enter data into the UE 116. The display 355 may be a liquid crystal
display, light emitting diode display, or other display capable of rendering text and/or
at least limited graphics, such as from web sites.

The memory 360 is coupled to the processor 340. Part of the memory 360 could
include a random-access memory (RAM), and another part of the memory 360 could
include a Flash memory or other read-only memory (ROM).

Although FIGURE 3 illustrates one example of UE 116, various changes may
be made to FIGURE 3. For example, various components in FIGURE 3 could be
combined, further subdivided, or omitted and additional components could be added
according to particular needs. As a particular example, the processor 340 could
be divided into multiple processors, such as one or more central processing units
(CPUs) and one or more graphics processing units (GPUs). In another example, the
transceiver(s) 310 may include any number of transceivers and signal processing
chains and may be connected to any number of antennas. Also, while FIGURE 3
illustrates the UE 116 configured as a mobile telephone or smartphone, UEs could be
configured to operate as other types of mobile or stationary devices.

FIGURE 4A and FIGURE 4B illustrate an example of wireless transmit and receive
paths 400 and 450, respectively, according to embodiments of the present disclosure.
For example, a transmit path 400 may be described as being implemented in a gNB
(such as gNB 102), while a receive path 450 may be described as being implemented
in a UE (such as UE 116). However, it will be understood that the receive path 450 can
be implemented in a gNB and that the transmit path 400 can be implemented in a UE.
In some embodiments, the transmit path 400 and/or the receive path 450 is configured
to support or utilize a CSI codebook for multiple antenna groups as described in
embodiments of the present disclosure.

As illustrated in FIGURE 4A, the transmit path 400 includes a channel coding and
modulation block 403, a serial-to-parallel (S-to-P) block 410, a size N Inverse Fast
Fourier Transform (IFFT) block 415, a parallel-to-serial (P-to-S) block 420, an add
cyclic prefix block 425, and an up-converter (UC) 430. The receive path 450 includes a
down-converter (DC) 455, a remove cyclic prefix block 460, a S-to-P block 465, a size
N Fast Fourier Transform (FFT) block 470, a parallel-to-serial (P-to-S) block 475, and

a channel decoding and demodulation block 480.
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In the transmit path 400, the channel coding and modulation block 405 receives a
set of information bits, applies coding (such as a low-density parity check (LDPC)
coding), and modulates the input bits (such as with Quadrature Phase Shift Keying
(QPSK) or Quadrature Amplitude Modulation (QAM)) to generate a sequence of
frequency-domain modulation symbols. The serial-to-parallel block 410 converts
(such as de-multiplexes) the serial modulated symbols to parallel data in order to
generate N parallel symbol streams, where N is the IFFT/FFT size used in the gNB
and the UE. The size N IFFT block 415 performs an IFFT operation on the N parallel
symbol streams to generate time-domain output signals. The parallel-to-serial block
420 converts (such as multiplexes) the parallel time-domain output symbols from the
size N IFFT block 415 in order to generate a serial time-domain signal. The add cyclic
prefix block 425 inserts a cyclic prefix to the time-domain signal. The up-converter
430 modulates (such as up-converts) the output of the add cyclic prefix block 425 to a
RF frequency for transmission via a wireless channel. The signal may also be filtered
at a baseband before conversion to the RF frequency.

As illustrated in FIGURE 4B, the down-converter 455 down-converts the received
signal to a baseband frequency, and the remove cyclic prefix block 460 removes
the cyclic prefix to generate a serial time-domain baseband signal. The serial-to-
parallel block 465 converts the time-domain baseband signal to parallel time-domain
signals. The size N FFT block 470 performs an FFT algorithm to generate N parallel
frequency-domain signals. The (P-to-S) block 475 converts the parallel frequency-
domain signals to a sequence of modulated data symbols. The channel decoding and
demodulation block 480 demodulates and decodes the modulated symbols to recover
the original input data stream.

Each of the gNBs 101-103 may implement a transmit path 400 that is analogous to
transmitting in the downlink to UEs 111-116 and may implement a receive path 450
that is analogous to receiving in the uplink from UEs 111-116. Similarly, each of UEs
111-116 may implement a transmit path 400 for transmitting in the uplink to gNBs
101-103 and may implement a receive path 450 for receiving in the downlink from
gNBs 101-103.

Each of the components in FIGURES 4A and 4B can be implemented using
only hardware or using a combination of hardware and software/firmware. As
a particular example, at least some of the components in FIGURES 4A and 4B
may be implemented in software, while other components may be implemented
by configurable hardware or a mixture of software and configurable hardware.

For instance, the FFT block 470 and the IFFT block 415 may be implemented
as configurable software algorithms, where the value of size N may be modified

according to the implementation.
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Furthermore, although described as using FFT and IFFT, this is by way of illustration
only and should not be construed to limit the scope of the present disclosure. Other
types of transforms, such as Discrete Fourier Transform (DFT) and Inverse Discrete
Fourier Transform (IDFT) functions, can be used. It will be appreciated that the value
of the variable N may be any integer number (such as 1, 2, 3, 4, or the like) for DFT
and IDFT functions, while the value of the variable N may be any integer number that
is a power of two (such as 1, 2, 4, 8, 16, or the like) for FFT and IFFT functions.

Although FIGURES 4A and 4B illustrate examples of wireless transmit and receive
paths 400 and 450, respectively, various changes may be made to FIGURES 4A and
4B. For example, various components in FIGURES 4A and 4B can be combined,
further subdivided, or omitted and additional components can be added according to
particular needs. Also, FIGURES 4A and 4B are meant to illustrate examples of the
types of transmit and receive paths that can be used in a wireless network. Any other
suitable architectures can be used to support wireless communications in a wireless
network.

FIGURE 5 illustrates an example of a transmitter structure 500 for beamforming
according to embodiments of the present disclosure. In certain embodiments, one or
more of gNB 102 or UE 116 includes the transmitter structure 500. For example, one
or more of antenna 205 and its associated systems or antenna 305 and its associated
systems can be included in transmitter structure 500. This example is for illustration
only and other embodiments can be used without departing from the scope of the
present disclosure.

Accordingly, embodiments of the present disclosure recognize that Rel-14 LTE
and Rel-15 NR support up to 32 CSI reference signal (CSI-RS) antenna ports which
enable an eNB or a gNB to be equipped with a large number of antenna elements (such
as 64 or 128). A plurality of antenna elements can then be mapped onto one CSI-RS
port. For mmWave bands, although a number of antenna elements can be larger for
a given form factor, a number of CSI-RS ports, that can correspond to the number
of digitally precoded ports, can be limited due to hardware constraints (such as the
feasibility to install a large number of analog-to-digital converters (ADCs)/ digital-
to-analog converters (DACs) at mmWave frequencies) as illustrated in FIGURE 5.
Then, one CSI-RS port can be mapped onto a large number of antenna elements that
can be controlled by a bank of analog phase shifters 501. One CSI-RS port can then
correspond to one sub-array which produces a narrow analog beam through analog
beamforming 505. This analog beam can be configured to sweep across a wider range
of angles 520 by varying the phase shifter bank across symbols or slots/subframes. The
number of sub-arrays (equal to the number of RF chains) is the same as the number of

CSI-RS ports Nespport. A digital beamforming unit 510 performs a linear combination
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across Ncspporr analog beams to further increase a precoding gain. While analog
beams are wideband (hence not frequency-selective), digital precoding can be varied
across frequency sub-bands or resource blocks. Receiver operation can be conceived
analogously.

Since the transmitter structure 500 of FIGURE 5 utilizes multiple analog beams
for transmission and reception (wherein one or a small number of analog beams
are selected out of a large number, for instance, after a training duration that is
occasionally or periodically performed), the term "multi-beam operation” is used
to refer to the overall system aspect. This includes, for the purpose of illustration,
indicating the assigned DL or UL TX beam (also termed "beam indication"),
measuring at least one reference signal for calculating and performing beam reporting
(also termed "beam measurement” and "beam reporting", respectively), and receiving
a DL or UL transmission via a selection of a corresponding RX beam. The system of
FIGURE 5 is also applicable to higher frequency bands such as >52.6GHz (also termed
frequency range 4 or FR4). In this case, the system can employ only analog beams.
Due to the O2 absorption loss around 60 GHz frequency (~10 dB additional loss per
100 m distance), a larger number and narrower analog beams (hence a larger number
of radiators in the array) are essential to compensate for the additional path loss.

To enable digital precoding, efficient design of CSI-RS is a crucial factor. For this
reason, three types of CSI reporting mechanism corresponding to three types of CSI-
RS measurement can be evaluated: 1) ‘CLASS A’ CSI reporting which corresponds
to non-precoded CSI-RS, 2) ‘CLASS B’ reporting with K=1 CSI-RS resource which
corresponds to UE-specific beamformed CSI-RS, and 3) ‘CLASS B’ reporting with
K>1 CSI-RS resources which corresponds to cell-specific beamformed CSI-RS. For
non-precoded (NP) CSI-RS, a cell-specific one-to-one mapping between CSI-RS
port and transceiver unit (TXRU) is utilized. Here, different CSI-RS ports have the
same wide beam width and direction and hence generally cell wide coverage. For
beamformed CSI-RS, beamforming operation, either cell-specific or UE-specific, is
applied on a non-zero-power (NZP) CSI-RS resource (including multiple ports). Here,
(at least at a given time/frequency) CSI-RS ports have narrow beam widths and hence
not cell wide coverage, and (at least from the eNB (or gNB) perspective) at least some
CSI-RS port-resource combinations have different beam directions.

In scenarios where DL long-term channel statistics can be measured through UL
signals at a serving eNodeB, UE-specific beamforming (BF) CSI-RS can be readily
used. This is typically feasible when UL-DL duplex distance is sufficiently small.
However, when this condition does not hold, some UE feedback is essential for
the eNodeB to obtain an estimate of DL long-term channel statistics (or any of its

representation thereof). To facilitate such a procedure, a first BF CSI-RS transmitted
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with periodicity T1 (ms), and a second NP CSI-RS transmitted with periodicity T2
(ms), where T1<T2. This approach is termed hybrid CSI-RS. The implementation of
hybrid CSI-RS is largely dependent on the definition of CSI process and NZP CSI-RS
resource.

The present disclosure relates generally to wireless communication systems and,
more specifically, to compression-based CSI reporting.

A communication system includes a downlink (DL) that conveys signals from
transmission points such as Base Stations (BSs) or NodeBs to User Equipments
(UEs) and an UpLink (UL) that conveys signals from UEs to reception points such
as NodeBs. A UE, also commonly referred to as a terminal or a mobile station, may
be fixed or mobile and may be a cellular phone, a personal computer device, or an
automated device. An eNodeB, which is generally a fixed station, may also be referred
to as an access point or other equivalent terminology. For LTE systems, a NodeB is
often referred as an eNodeB.

In a communication system, such as LTE, DL signals can include data signals
conveying information content, control signals conveying DL Control Information
(DCI), and Reference Signals (RS) that are also known as pilot signals. An eNodeB
transmits data information through a Physical DL Shared Channel (PDSCH). An
eNodeB transmits DCI through a Physical DL Control Channel (PDCCH) or an
Enhanced PDCCH (EPDCCH) - see also document and standard [3]. An eNodeB
transmits acknowledgement information in response to data Transport Block (TB)
transmission from a UE in a Physical Hybrid Automatic Repeat Request Indicator
Channel (PHICH). An eNodeB transmits one or more of multiple types of RS
including a UE-Common RS (CRS), a Channel State Information RS (CSI-RS), or a
DeModulation RS (DMRS). A CRS is transmitted over a DL system BandWidth (BW)
and can be used by UEs to obtain a channel estimate to demodulate data or control
information or to perform measurements. To reduce CRS overhead, an eNodeB may
transmit a CSI-RS with a smaller density in the time and/or frequency domain than a
CRS. DMRS can be transmitted only in the BW of a respective PDSCH or EPDCCH
and a UE can use the DMRS to demodulate data or control information in a PDSCH or
an EPDCCH, respectively. A transmission time interval for DL channels is referred to
as a subframe (or slot) and can have, for example, duration of 1 millisecond.

DL signals also include transmission of a logical channel that carries system
control information. A broadcast control channel (BCCH) is mapped to either a
transport channel referred to as a Broadcast Channel (BCH) when it conveys a Master
Information Block (MIB) or to a DL Shared Channel (DL-SCH) when it conveys a
System Information Block (SIB) - see also document and standard [3] and document

and standard [5]. Most system information is included in different SIBs that are
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transmitted using DL-SCH. A presence of system information on a DL-SCH in a
subframe (or slot) can be indicated by a transmission of a corresponding PDCCH
conveying a codeword with a cyclic redundancy check (CRC) scrambled with a special
System Information RNTI (SI-RNTI). Alternatively, scheduling information for a SIB
transmission can be provided in an earlier SIB and scheduling information for the first
SIB (SIB-1) can be provided by the MIB.

DL resource allocation is performed in a unit of subframe (or slot) and a group of
Physical resource blocks (PRBs). A transmission BW incudes frequency resource units

referred to as Resource Blocks (RBs). Each RB includes NE? sub-carriers, or Resource

Elements (REs), such as 12 REs. A unit of one RB over one subframe (or slot) is
referred to as a PRB. A UE can be allocated Mppscy RBs for a total of MEPSCH=Mppscy

- NJ® REs for the PDSCH transmission BW.

UL signals can include data signals conveying data information, control signals
conveying UL Control Information (UCI), and UL RS. UL RS includes DMRS and
Sounding RS (SRS). A UE transmits DMRS only in a BW of a respective PUSCH or
Physical UL Control Channel (PUCCH). An eNodeB can use a DMRS to demodulate
data signals or UCI signals. A UE transmits SRS to provide an eNodeB with an
UL CSI. A UE transmits data information or UCI through a respective PUSCH or
a PUCCH. If a UE requires to transmit data information and UCI in a same UL
subframe (or slot), it may multiplex both in a PUSCH. UCI includes Hybrid Automatic
Repeat reQuest ACKnowledgement (HARQ-ACK) information, indicating correct
(ACK) or incorrect (NACK) detection for a data TB in a PDSCH or absence of a
PDCCH detection (DTX), Scheduling Request (SR) indicating whether a UE has
data in its buffer, Rank Indicator (RI), and Channel State Information (CSI) enabling
an eNodeB to perform link adaptation for PDSCH transmissions to a UE. HARQ-
ACK information is also transmitted by a UE in response to a detection of a PDCCH/
enhanced PDCCH (EPDCCH) indicating a release of semi-persistently scheduled
PDSCH (see also document and standard [3]).

An UL subframe (or slot) includes two slots. Each slot includes Nsl?;nb symbols for

transmitting data information, UCI, DMRS, or SRS. A frequency resource unit of an
UL system BW is an RB. A UE is allocated Ngs RBs for a total of Ngg * SBCB REs

for a transmission BW. For a PUCCH, Ngg=1. A last subframe (or slot) symbol can be
used to multiplex SRS transmissions from one or more UEs. A number of subframe
(or slot) symbols that are available for data/UCI/DMRS transmission is Ny, =2 *

(N UL b—l)—NSRS, where Nsgs=1 if a last subframe (or slot) symbol is used to transmit
sym

SRS and Ngrs=0 otherwise.



19

WO 2024/242535 PCT/KR2024/095814

[100]

[101]

[102]

[103]

[104]

[105]

FIGURE 6 illustrates an example of a transmitter structure 600 for PDSCH in a
subframe according to embodiments of the present disclosure. For example, transmitter
structure 600 can be implemented in gNB 102 of FIGURE 1. This example is for
illustration only and other embodiments can be used without departing from the scope
of the present disclosure.

As illustrated in FIGURE 6, information bits 610 are encoded by encoder 620, such
as a turbo encoder, and modulated by modulator 630, for example using Quadrature
Phase Shift Keying (QPSK) modulation. A Serial to Parallel (S/P) converter 640
generates M modulation symbols that are subsequently provided to a mapper 650 to
be mapped to REs selected by a transmission BW selection unit 655 for an assigned
PDSCH transmission BW, unit 660 applies an Inverse Fast Fourier Transform (IFFT),
the output is then serialized by a Parallel to Serial (P/S) converter 670 to create a
time domain signal, filtering is applied by filter 680, and a signal transmitted 690.
Additional functionalities, such as data scrambling, cyclic prefix insertion, time
windowing, interleaving, and others are well known in the art and are not shown for
brevity.

FIGURE 7 illustrates an example of a receiver structure 700 for PDSCH in a
subframe according to embodiments of the present disclosure. For example, receiver
structure 700 can be implemented by any of the UEs 111-116 of FIGURE 1. This
example is for illustration only and other embodiments can be used without departing
from the scope of the present disclosure.

With reference to FIGURE 7, a received signal 710 is filtered by filter 720, REs
730 for an assigned reception BW are selected by BW selector 735, unit 740 applies
a Fast Fourier Transform (FFT), and an output is serialized by a parallel-to-serial
converter 750. Subsequently, a demodulator 760 coherently demodulates data symbols
by applying a channel estimate obtained from a DMRS or a CRS (not shown), and
a decoder 770, such as a turbo decoder, decodes the demodulated data to provide
an estimate of the information data bits 780. Additional functionalities such as
time-windowing, cyclic prefix removal, de-scrambling, channel estimation, and de-
interleaving are not shown for brevity.

FIGURE 8§ illustrates an example of a transmitter structure 800 for PUSCH in a
subframe according to embodiments of the present disclosure. For example, transmitter
structure 800 can be implemented in gNB 103 of FIGURE 1. This example is for
illustration only and other embodiments can be used without departing from the scope
of the present disclosure.

As illustrated in FIGURE 8, information data bits 8§10 are encoded by encoder
820, such as a turbo encoder, and modulated by modulator 830. A Discrete Fourier
Transform (DFT) unit 840 applies a DFT on the modulated data bits, REs 850
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corresponding to an assigned PUSCH transmission BW are selected by transmission
BW selection unit 855, unit 860 applies an IFFT and, after a cyclic prefix insertion (not
shown), filtering is applied by filter 8§70 and a signal transmitted 8§80.

FIGURE 9 illustrates an example of a receiver structure 900 for a PUSCH in a
subframe according to embodiments of the present disclosure; For example, receiver
structure 900 can be implemented by the UE 116 of FIGURE 3. This example is for
illustration only and other embodiments can be used without departing from the scope
of the present disclosure.

As illustrated in FIGURE 9, a received signal 910 is filtered by filter 920.
Subsequently, after a cyclic prefix is removed (not shown), unit 930 applies a FFT,
REs 940 corresponding to an assigned PUSCH reception BW are selected by a
reception BW selector 945, unit 950 applies an Inverse DFT (IDFT), a demodulator
960 coherently demodulates data symbols by applying a channel estimate obtained
from a DMRS (not shown), a decoder 970, such as a turbo decoder, decodes the
demodulated data to provide an estimate of the information data bits 980.

In next generation cellular systems, various use cases are envisioned beyond the
capabilities of LTE. Termed 5G or the fifth generation cellular system, a system
capable of operating at sub-6GHz and above-6 GHz (for example, in mmWave regime)
becomes one of the requirements. In document and standard [6], 74 5G use cases
has been identified and described; those use cases can be roughly categorized into
three different groups. A first group is termed 'enhanced mobile broadband' (¢eMBB),
targeted to high data rate services with less stringent latency and reliability
requirements. A second group is termed 'ultra-reliable and low latency' (URLL)
targeted for applications with less stringent data rate requirements, but less tolerant to
latency. A third group is termed 'massive MTC' (mMTC) targeted for large number
of low-power device connections such as 1 million per km” with less stringent the
reliability, data rate, and latency requirements.

The 3GPP specification (such as 4G LTE and 5G NR) supports up to 32 CSI-RS
antenna ports which enable an eNB (or gNB) to be equipped with a large number of
antenna elements (such as 64 or 128). In this case, a plurality of antenna elements is
mapped onto one CSI-RS port. For next generation cellular systems such as 5G, the
maximum number of CSI-RS ports can either remain the same or increase.

In a wireless communication system, MIMO is often identified as key feature in
order to achieve high system throughput requirements. One of the key components
of a MIMO transmission scheme is the accurate CSI acquisition at the eNB (or gNB)
(or TRP). For multi-user MIMO (MU-MIMO), in particular, the availability of
accurate CSI is essential in order to guarantee high MU performance. For time division

duplexing (TDD) systems, the CSI can be acquired using the SRS transmission relying
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on the channel reciprocity. For frequency division duplexing (FDD) systems, on the
other hand, it can be acquired using the CSI-RS transmission from eNB (or gNB), and
CSI acquisition and feedback from UE. In common FDD systems, the CSI feedback
framework is 'implicit' in the form of channel quality indicator (CQI)/precoding matrix
indicator (PMI)/rank indicator (RI) (also CSI reference signal identity (CRI) and layer
identity (LI)) derived from a codebook implying SU transmission from eNB (or gNB).
In 5G or NR systems ([document and standard [7], document and standard [8]),
the herein-mentioned "implicit" CSI reporting paradigm from LTE is also supported
and referred to as Type I CSI reporting. In addition, a high-resolution CSI reporting,
referred to as Type II CSI reporting, is also supported in Release 15 specification to
provide more accurate CSI information to gNB for use cases such as high-order MU-
MIMO. However, embodiments of the present disclosure recognize the overhead of
Type II CSI reporting can be an issue in practical UE implementations. One approach
to reduce Type II CSI overhead is based on frequency domain (FD) compression.
In Rel. 16 NR, DFT-based FD compression of the Type II CSI has been supported
(referred to as Rel. 16 enhanced Type II codebook in document and standard [8]).
Some of the key components for this feature includes (a) spatial domain (SD) basis W,

, (b) FD basis W¢, and (c) coefficients Wz that linearly combine SD and FD basis. In

a non-reciprocal FDD system, a complete CSI (comprising each component) requires
to be reported by the UE (e.g., the UE 116). However, when reciprocity or partial
reciprocity does exist between UL and DL, then some of the CSI components can be
obtained based on the UL channel estimated using SRS transmission from the UE.

In Rel. 16 NR, the DFT-based FD compression is extended to this partial reciprocity
case (referred to as Rel. 16 enhanced Type II port selection codebook in document and
standard [8]), wherein the DFT-based SD basis in W, is replaced with SD CSI-RS port

selection, i.e., L out of Pcsi—RsCSI-RS ports are selected (the selection is common for
2

the two antenna polarizations or two halves of the CSI-RS ports). The CSI-RS ports in
this case are beamformed in SD (UL-DL channel reciprocity in angular domain), and
the beamforming information can be obtained at the gNB 102 based on UL channel
estimated using SRS measurements.

In Rel. 17 NR, CSI reporting has been enhanced to support the following:

@ Further enhanced Type II port selection codebook: it has been known in the
literature that UL-DL channel reciprocity can exist in both angular and delay domains
if the UL-DL duplexing distance is small. Since delay in time domain transforms (or
closely related to) basis vectors in frequency domain (FD), the Rel. 16 enhanced Type

IT port selection can be further extended to both angular and delay domains (or SD and
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FD). In particular, the DFT-based SD basis in W, and DFT-based FD basis in W¢ can
be replaced with SD and FD port selection, i.e., L. CSI-RS ports are selected in SD or/
and M ports are selected in FD. The CSI-RS ports in this case are beamformed in SD
(UL-DL channel reciprocity in angular domain) or/and FD (UL-DL channel reciprocity
in delay/frequency domain), and the corresponding SD or/and FD beamforming
information can be obtained at the gNB 102 based on UL channel estimated using SRS
measurements. In Rel. 17, such a codebook is supported (which is referred to as Rel.
17 further enhanced Type II port selection codebook in document and standard [8]).

@ Non-coherent joint transmission (NCJT) CSI reporting: When the UE can
communicate with multiple TRPs that are distributed at different locations in space
(e.g., within a cell), the CSI reporting can correspond to a single TRP hypothesis
(i.e., CSI reporting for one of the multiple TRPs) or multi-TRP hypothesis (i.e., CSI
reporting for at least two of the multiple TRPs). The CSI reporting for both single TRP
and multi-TRP hypotheses are supported in Rel. 17. However, the multi-TRP CSI
reporting imply a NCJT, i.e., a layer (and precoder) of the transmission is restricted to
be transmitted from only one TRP.

In Rel. 18 MIMO WID includes the following objectives on CSI enhancements:

@ Study, and if justified, specify enhancements of CSI acquisition for Coherent-JT
targeting FR1 and up to 4 TRPs, implying ideal backhaul and synchronization as well
as the same number of antenna ports across TRPs, as follows:

o Rel-16/17 Type-II codebook refinement for coherent joint transmission (CJT)
multi-TRP (mTRP) targeting FDD and its associated CSI reporting, taking into account
throughput-overhead trade-off.

@ Study, and if justified, specify CSI reporting enhancement for high/medium UE
velocities by exploiting time-domain correlation/Doppler-domain information to assist
DL precoding, targeting FR1, as follows:

o Rel-16/17 Type-1I codebook refinement, without modification to the spatial and
frequency domain basis.

o UE reporting of time-domain channel properties measured via CSI-RS for tracking.

The first objective extends the Rel.17 NCJT CSI to coherent JT (CJT), and the
second extends FD compression in the Rel.16/17 codebook to include time (Doppler)
domain compression. Both extensions are based on the same common codebook, i.e.,
Rel. 16/17 codebook. In the present disclosure, a unified codebook design evaluating
both extensions have been provided.

FIGURE 10 illustrates an example of a DMIMO according to embodiments of the
present disclosure. For example, the DMIMO 1000 may be implemented by one
or more BSs such as BS 102. The DMIMO 1000 is for illustration only and other

embodiments can be used without departing from the scope of the present disclosure.
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The main use case or scenario of interest for CI'T/DMIMO is as follows. Although
NR supports up to 32 CSI-RS antenna ports, for a cellular system operating in a
sub-1GHz frequency range (e.g., less than 1 GHz), supporting large number of CSI-RS
antenna ports (e.g., 32) at one site or remote radio head (RRH) or TRP is challenging
due to larger antenna form factors at these frequencies (when compared with a system
operating at a higher frequency such as 2 GHz or 4 GHz. At such low frequencies,
the maximum number of CSI-RS antenna ports that can be co-located at a site (or
RRH or TRP) can be limited, for example to 8. This limits the spectral efficiency of
such systems. In particular, the MU-MIMO spatial multiplexing gains offered due to
large number of CSI-RS antenna ports (such as 32) cannot be achieved. One way to
operate a sub-1GHz system with large number of CSI-RS antenna ports is based on
distributing antenna ports at multiple sites (or RRHs). The multiple sites or RRHs can
still be connected to a single (common) baseband unit, hence the signal transmitted/
received via multiple distributed RRHs can still be processed at a centralized location.
For example, 32 CSI-RS ports can be distributed across 4 RRHs, each with 8 antenna
ports. Such a MIMO system can be referred to as a distributed MIMO (D-MIMO) or a
CJT system.

The multiple RRHs in a D-MIMO setup can be utilized for spatial multiplexing gain
(based on CSI reporting). Since RRHs are geographically separated, they (RRHs) tend
to contribute differently to CSI reporting. This motivates a dynamic RRH selection
followed by CSI reporting condition on the RRH selection. The present disclosure
provides example embodiments on how channel and interference signal can be
measure under different RRH selection hypotheses. Additionally, the signaling details
of such a CSI reporting and CSI-RS measurement are also provided.

FIGURE 11 illustrates an example of a timeline 1100 for channel measurement
with and without Doppler components according to embodiments of the present
disclosure. For example, timeline 1100 for channel measurement with and without
Doppler components can be followed by the UE 112 of FIGURE 1. This example is
for illustration only and can be used without departing from the scope of the present
disclosure.

The main use case or scenario of interest for time-/Doppler-domain compression is
moderate to high mobility scenarios. When the UE's speed is in a moderate or high
speed regime, the performance of the Rel. 15/16/17 codebooks starts to deteriorate
quickly due to fast channel variations (which in turn is due to UE mobility that
contributes to the Doppler component of the channel), and a one-shot nature of CSI-
RS measurement and CSI reporting in Rel. 15/16/17. This limits the usefulness of Rel.
15/16/17 codebooks to low mobility or static UEs only. For moderate or high mobility

scenarios, an enhancement in CSI-RS measurement and CSI reporting is called for,
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which is based on the Doppler components of the channel. As described in document
and standard [9], the Doppler components of the channel remain almost constant over
a large time duration, referred to as channel stationarity time, which is significantly
larger than the channel coherence time. Note that the current (Rel. 15/16/17) CSI
reporting is based on the channel coherence time, which is not suitable when the
channel has significant Doppler components. The Doppler components of the channel
can be calculated based on measuring a reference signal (RS) burst, where the RS can
be CSI-RS or SRS. When RS is CSI-RS, the UE measures a CSI-RS burst, and use it
to obtain Doppler components of the DL channel, and when RS is SRS, the gNB 102
measures an SRS burst, and use it to obtain Doppler components of the UL channel.
The obtained Doppler components can be reported by the UE using a codebook (as
part of a CS report). Or the gNB 102 can use the obtained Doppler components of the
UL channel to beamform CSI-RS for CSI reporting by the UE. When the channel is
measured with the Doppler components (e.g., based on an RS burst), the measured
channel can remain close to the actual varying channel. On the other hand, when the
channel is measured without the Doppler components (e.g., based on a one-shot RS),
the measured channel can be far from the actual varying channel.

The present disclosure relates to CSI acquisition at gNB. In particular, it relates to the
CSI reporting based on a high-resolution (or Type II) codebook comprising spatial-,
frequency- or/and time- (Doppler-) domain components for a distributed antenna
structure (DMIMO). The 3 most novel aspects are as follows:

@ CSI processing unit based on multiple CSI-RS resource(s) configuration, and
optional features such as CSI-RS resource selection and a number of spatial-domain
combinations N, for CJT codebook;

@ CSI processing unit based on multiple CSI-RS resource(s) configuration, W, a
number of CSI-RS measurement occasion(s) for Doppler codebook;

@ Simple scaling extension of PUSCH preparation time and UE computational time
for CJT/Doppler codebook CSI reporting.

Aspects, features, and advantages of the present disclosure are readily apparent
from the following detailed description, simply by illustrating a number of particular
embodiments and implementations, including the best mode contemplated for carrying
out the present disclosure. Embodiments of the present disclosure also capable of other
and different embodiments, and its several details can be modified in various obvious
respects, all without departing from the spirit and scope of the present disclosure.
Accordingly, the drawings and description are to be regarded as illustrative in nature,
and not as restrictive. Embodiments of the present disclosure are illustrated by way of

example, and not by way of limitation, in the figures of the accompanying drawings.
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In the following, for brevity, both FDD and TDD are regarded as the duplex method
for both DL and UL signaling.

Although exemplary descriptions and embodiments to follow imply orthogonal
frequency division multiplexing (OFDM) or orthogonal frequency division multiple
access (OFDMA), the present disclosure can be extended to other OFDM-based
transmission waveforms or multiple access schemes such as filtered OFDM (F-
OFDM).

The present disclosure covers several components which can be used in conjunction
or in combination with one another or can operate as standalone schemes.

Each of the following components and embodiments are applicable for UL
transmission with CP-OFDM (cyclic prefix OFDM) waveform as well as DFT-
SOFDM (DFT-spread OFDM) and SC-FDMA (single-carrier FDMA) waveforms.
Furthermore, each of the following components and embodiments are applicable for
UL transmission when the scheduling unit in time is either one subframe (which can
include one or multiple slots) or one slot.

In the present disclosure, the frequency resolution (reporting granularity) and
span (reporting bandwidth) of CSI reporting can be defined in terms of frequency
"subbands" and "CSI reporting band" (CRB), respectively.

A subband for CSI reporting is defined as a set of contiguous PRBs which represents
the smallest frequency unit for CSI reporting. The number of PRBs in a subband can
be fixed for a given value of DL system bandwidth, configured either semi-statically
via higher-layer/RRC signaling, or dynamically via L1 DL control signaling or MAC
control element (MAC CE). The number of PRBs in a subband can be included in CSI
reporting setting.

"CSI reporting band" is defined as a set/collection of subbands, either contiguous or
non-contiguous, wherein CSI reporting is performed. For example, CSI reporting band
can include each of the subbands within the DL system bandwidth. This can also be
termed "full-band". Alternatively, CSI reporting band can include only a collection of
subbands within the DL system bandwidth. This can also be termed "partial band".

The term "CSI reporting band" is used only as an example for representing
a function. Other terms such as "CSI reporting subband set" or "CSI reporting
bandwidth" or bandwidth part (BWP) can also be used.

In terms of UE configuration, a UE (e.g., the UE 116) can be configured with at
least one CSI reporting band. This configuration can be semi-static (via higher-layer
signaling or RRC) or dynamic (via MAC CE or L1 DL control signaling). When
configured with multiple (N) CSI reporting bands (e.g., via RRC signaling), a UE
can report CSI associated with n < N CSI reporting bands. For instance, >6GHz,
large system bandwidth may be called for multiple CSI reporting bands. The value
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of n can either be configured semi-statically (via higher-layer signaling or RRC) or
dynamically (via MAC CE or L1 DL control signaling). Alternatively, the UE can
report a recommended value of n via an UL channel.

Therefore, CSI parameter frequency granularity can be defined per CSI reporting
band as follows. A CSI parameter is configured with “single” reporting for the CSI
reporting band with M,, subbands when one CSI parameter for each of the M, subbands
within the CSI reporting band. A CSI parameter is configured with “subband” for the
CSI reporting band with M, subbands when one CSI parameter is reported for each of
the M, subbands within the CSI reporting band.

FIGURE 12 illustrates a diagram of an antenna port layout 1200 according to
embodiments of the present disclosure. For example, antenna port layout 1200 of an
antenna port layout can be implemented by the BS 102 of FIGURE 2. This example is
for illustration only and can be used without departing from the scope of the present
disclosure.

With reference to FIGURE 12, N, and N, are the number of antenna ports with the
same polarization in the first and second dimensions, respectively. For 2D antenna
port layouts, N;>1, N,>1, and for 1D antenna port layouts N;>1 and N,=1. So, for a
dual-polarized antenna port layout, the total number of antenna ports is 2N;N, when
each antenna maps to an antenna port. “X” represents two antenna polarizations.

In the present disclosure, the term “polarization” refers to a group of antenna ports.

For example, antenna ports j=X+0,X+1,...,X+Fcsirs-1 comprise a first antenna
2

polarization, and antenna ports j=X+Pcsirs X+Pcstrs+1,..., X+Pcsrs-1 comprise a
2 2

second antenna polarization, where Pesirs is a number of CSI-RS antenna ports and

X is a starting antenna port number (e.g. X=3000, then antenna ports are 3000, 3001,
3002, ...). Let N, be a number of antenna panels at the gNB 102. When there are
multiple antenna panels (N,>1), it is implied that each panel is dual-polarized antenna
ports with N; and N, ports in two dimensions. Note that the antenna port layouts may
or may not be the same in different antenna panels.

In one example, the antenna architecture of a D-MIMO or coherent joint transmission
(CJT) system is structured. For example, the antenna structure at each RRH (or TRP)
is dual-polarized (single or multi-panel as shown FIGURE 12). The antenna structure
at each RRH/TRP can be the same. Or the antenna structure at an RRH/TRP can be
different from another RRH/TRP. Likewise, the number of ports at each RRH/TRP can
be the same. Or the number of ports at one RRH/TRP can be different from another
RRH/TRP. In one example, N,=Nggy, a number of RRHs/TRPs in the D-MIMO

transmission.
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In another example, the antenna architecture of a D-MIMO or CJT system is
unstructured. For example, the antenna structure at one RRH/TRP can be different
from another RRH/TRP.

Embodiments of the present disclosure imply a structured antenna architecture in
the rest of the present disclosure. For simplicity, each RRH/TRP is equivalent to a
panel, although an RRH/TRP can have multiple panels in practice. However, the
present disclosure is not restrictive to a single panel at each RRH/TRP and can easily
be extended (covers) the case when an RRH/TRP has multiple antenna panels.

In one embodiment, an RRH constitutes (or corresponds to or is equivalent to) at
least one of the following:

@ In one example, an RRH corresponds to a TRP.

@ In one example, an RRH or TRP corresponds to a CSI-RS resource. A UE is
configured with K=Ngg,>1 non-zero-power (NZP) CSI-RS resources and a CSI
reporting is configured to be across multiple CSI-RS resources. This is similar to Class
B, K > 1 configuration in Rel. 14 LTE. The K NZP CSI-RS resources can belong to
a CSI-RS resource set or multiple CSI-RS resource sets (e.g., K resource sets each
comprising one CSI-RS resource). The details are as explained herein.

@ In one example, an RRH or TRP corresponds to a CSI-RS resource group, where
a group comprises one or multiple NZP CSI-RS resources. A UE is configured with
K>Ngru>1 non-zero-power (NZP) CSI-RS resources and a CSI reporting is configured
to be across multiple CSI-RS resources from resource groups. This is similar to Class
B, K > 1 configuration in Rel. 14 LTE. The K NZP CSI-RS resources can belong
to a CSI-RS resource set or multiple CSI-RS resource sets (e.g., K resource sets
each comprising one CSI-RS resource). The details are as explained in the present
disclosure. In particular, the K CSI-RS resources can be partitioned into Nggy resource
groups. The information about the resource grouping can be provided together with the
CSI-RS resource setting/configuration, or with the CSI reporting setting/configuration,
or with the CSI-RS resource configuration.

@ In one example, an RRH or TRP corresponds to a subset (or a group) of CSI-

RS ports. A UE is configured with at least one NZP CSI-RS resource comprising (or
associated with) CSI-RS ports that can be grouped (or partitioned) multiple subsets/
groups/parts of antenna ports, each corresponding to (or constituting) an RRH/TRP.
The information about the subsets of ports or grouping of ports can be provided
together with the CSI-RS resource setting/configuration, or with the CSI reporting
setting/configuration, or with the CSI-RS resource configuration.

@ In one example an RRH or TRP corresponds to one or more examples described
herein depending on a configuration. For example, this configuration can be explicit

via a parameter (e.g., an RRC parameter). Or it can be implicit.
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O In one example, when implicit, it could be based on the value of K. For example,
when K>1 CSI-RS resources, an RRH corresponds to example, and when K=1 CSI-RS
resource, an RRH corresponds to one or more examples described herein.

O In another example, the configuration could be based on the configured codebook.
For example, an RRH corresponds to a CSI-RS resource or resource group when the
codebook corresponds to a decoupled codebook (modular or separate codebook for
each RRH), and an RRH corresponds to a subset (or a group) of CSI-RS ports when
codebook corresponds to a coupled (joint or coherent) codebook (one joint codebook
across RRHs).

In one example, when RRH or TRP maps (or corresponds to) a CSI-RS resource or
resource group, and a UE can select a subset of RRHs (resources or resource groups)
and report the CSI for the selected RRHs (resources or resource groups). The selected
RRHs can be reported via an indicator. For example, the indicator can be a CRI or a
PMI (component) or a new indicator.

In one example, when RRH maps (or corresponds to) a CSI-RS port group, and a UE
can select a subset of RRHs (port groups) and report the CSI for the selected RRHs
(port groups). The selected RRHs can be reported via an indicator. For example, the
indicator can be a CRI or a PMI (component) or a new indicator.

In one example, when multiple (K>1) CSI-RS resources are configured for Ngry

RRHs, a decoupled (modular) codebook is used/configured, and when a single (K=1)
CSI-RS resource for Nrry RRHs, a joint codebook is used/configured.

FIGURE 13 illustrates a diagram 1300 of an example 3D grid of DFT beams
according to embodiments of the present disclosure. For example, diagram 1300 can
be implemented by the BS 102 of FIGURE 1. This example is for illustration only and
can be used without departing from the scope of the present disclosure.

As described in U.S. Patent No. 10,659,118 issued May 19, 2020, and entitled
"Method and Apparatus for Explicit CSI Reporting in Advanced Wireless
Communication Systems," which is incorporated herein by reference in its entirety, a
UE is configured with high-resolution (e.g., Type II) CSI reporting in which the linear
combination based Type II CSI reporting framework is extended to include frequency
dimension in addition to the 1st and 2nd antenna port dimensions. With reference to
FIGURE 13, the following is shown:

@ st dimension is associated with the 1st port dimension,

@® 2nd dimension is associated with the 2nd port dimension, and

@ 3rd dimension is associated with the frequency dimension.

The basis sets for 1* and 2™ port domain representation are oversampled DFT

codebooks of length-N; and length-N,, respectively, and with oversampling factors O,
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and O,, respectively. Likewise, the basis set for frequency domain representation (i.e.,
3rd dimension) is an oversampled DFT codebook of length-N3 and with oversampling
factor O3. In one example, O;=0,=0;=4. In one example, O;=0,=4 and O;=1. In
another example, the oversampling factors O; belongs to {2, 4, 8}. In yet another
example, at least one of Oy, O,, and O; is higher layer configured (via RRC signaling).

As explained in document and standard [8], a UE is configured with higher layer
parameter codebookType set to ' typell-PortSelection-r16 ' for an enhanced Type 11
CSI reporting in which the pre-coders for each of the SBs and for a given layer I=1,..,v,

where v is the associated RI value, is given by either

Croo Cion1 et CroM-1
Ci1,0 Cri11 v Cp,M-1
l — H — Ly Ly Ly H —
W'=ACB" =[aya,..a;_] ! . . [bg by ..by_4]" =
Cr-10 Cri-11 °° Cpi-1.M-1

Yoo S cup(asbf) = Yicg B¥= ¢y p(a;ibf). (Eq. 1)

or
4 0
W= [ ] C,BY =
0 Al™!
Croo Croa v CoM-1
Ay a4 ..0a;_4 0 CrL1,0 Cr11 M1 H
: : : : [bo b, ---bM—l] =
0 a,a; ..a;_4
Cr-10 Cr-11 * Cr-1,mM-1
M-1vL-1 H
Y¥oo Xico clip(aibf) _—
yM-1yl-1. (a-bH) . (Eq. 2)
F=0 Zi=0 Cri+L f\AiDf
where:

® N, is a number of antenna ports in a first antenna port dimension (having the same
antenna polarization).

® N, is a number of antenna ports in a second antenna port dimension (having the
same antenna polarization).

@ Pcg s is a number of CSI-RS ports configured to the UE.

® N; is a number of SBs for PMI reporting or number of FD units or number of FD
components (that comprise the CSI reporting band) or a total number of precoding
matrices indicated by the PMI (one for each FD unit/component).

® o; is a 2N;N,x1 (Eq. 1) or NyNox1 (Eq. 2) column vector, or @; is a Pesirsx1 (Eq. 1)

or Pcsirs x1 port selection column vector, where a port selection vector is a defined as
2

a vector which contains a value of 1 in one element and zeros elsewhere.

® b, is a N;x1 column vector.
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[175] ® c,;; is a complex coefficient.

[176] In a variation, when the UE reports a subset K<2LLM coefficients (where K is either
fixed, configured by the gNB 102 or reported by the UE 116), then the coefficient c;;¢

in precoder equations Eq. 1 or Eq. 2 is replaced with x;; sxc,;¢, where:

[177] @ x; =1 if the coefficient c;;; is reported by the UE according to some embodiments
of the present disclosure.

[178] ® x,; =0 otherwise (i.e., c,;; is not reported by the UE).

[179] The indication whether x,;=1 or 0 is according to one or more embodiments
described in the present disclosure. For example, it can be via a bitmap.

[180] In a variation, the precoder equations Eq. 1 or Eq. 2 are respectively generalized to:

1811wt =3k }Wigl cir(@iblly) (Eq. 3)

[182] and

e ) o o r(aibly)

= |yL-1gmi—1 H (Eq. 4),
2i=0 Lizo Cl,i+L,f(aibi,f

[184] where for a given i, the number of basis vectors is M; and the corresponding basis
vectors are {b;¢}. Note that M, is the number of coefficients c,;; reported by the UE for
a given i, where M;<M (where {M;} or Y. M, is either fixed, configured by the gNB 102
or reported by the UE 116).

[185] The columns of W' are normalized to norm one. For rank R or R layers (v=R), the
pre-coding matrix is given by pr(R) — \/% W w2 Wr]: Eq. 2 is implied in
the rest of the present disclosure. However, the embodiments of the present disclosure
are general and are also application to Eq. 1, Eq. 3, and Eq. 4.

[186] Here L<Pcsi-rS and M<N;. If L=PcsI-RS, then A is an identity matrix, and hence

2 2
not reported. Likewise, if M=Nj, then B is an identity matrix, and hence not reported.
M<N;, in an example, to report columns of B, the oversampled DFT codebook is used.
For instance, b=w;, where the quantity w¢ is given by:
[187] Wy = [ jz’mgl) jZH_an)"l) jz’T-(N3—1)ngl) T.
1 e’ 0sN3 g’ O3N3 . e 03N

[188] When O;=1, the FD basis vector for layer 1€{1,..,u} (where v is the RI or rank value)
is given by:

[189]

_ [, » 1"
W = 1You© Y1 7 yN3—1,l]
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[190] where Zntn(f) and , [ngOl)’ 3 ng”{ 1)] where

A

nd) €{0,1, ..., Ny — 1}
[191] In another example, discrete cosine transform (DCT) basis is used to construct/report

basis B for the 3 dimension. The m-th column of the DCT compression matrix is

simply given by:
[192] 1 n=0 , and K=Nj;, and m=0,...,Ns-1.
W] o
f —_
nm \[gcosﬂ(zm—ﬂ)n, n=1.K-1
K 2K

[193] Since DCT is applied to real valued coefficients, the DCT is applied to the real
and imaginary components (of the channel or channel eigenvectors) separately.
Alternatively, the DCT is applied to the magnitude and phase components (of the
channel or channel eigenvectors) separately. The use of DFT or DCT basis is for
illustration purpose only. The present disclosure is applicable to any other basis vectors
to construct/report A and B.

[194] On a high level, a precoder W' can be described as follows:

[195] W = A,C,B = W, W, W/ (Eq. 5)-

[196] where A=W, corresponds to the Rel. 15 W, in Type II CSI codebook (document and
standard [8]), and B=W,.

[197] The Cl:Wz matrix includes each of the called for linear combination coefficients

(e.g., amplitude and phase or real or imaginary). Each reported coefficient (c,;=pi; @

1) in W7, is quantized as amplitude coefficient (p;s) and phase coefficient ¢y;r. In one

example, the amplitude coefficient (p,;¢) is reported using a A-bit amplitude codebook
where A belongs to {2, 3, 4}. If multiple values for A are supported, then one value is
configured via higher layer signaling. In another example, the amplitude coefficient (p

Lip) 1s reported as pllf_p(i)f l(Z)f where:
i

[198] ® p l(l)f is a reference or first amplitude which is reported using an Al-bit amplitude
[

codebook where A1 belongs to {2, 3, 4}, and

[199] (2) is a differential or second amplitude which is reported using a A2-bit

Piif
amplitude codebook where A2<A1 belongs to {2, 3, 4}.
[200] The framework mentioned herein (equation 5) represents the precoding-matrices
for multiple (N;) FD units using a linear combination (double sum) over 2L (or K,)

SD beams/ports and M,, FD beams. This framework can also be used to represent the
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precoding-matrices in time domain (TD) by replacing the FD basis matrix W, with a

TD basis matrix W,, wherein the columns of W, comprises M, TD beams that represent

some form of delays or channel tap locations. Hence, a precoder W' can be described
as follows:
W = A,C;Bf = W, W,W! (Eq. 5A)

In one example, the M, TD beams (representing delays or channel tap locations)
are selected from a set of N; TD beams, i.e., N; corresponds to the maximum number
of TD units, where each TD unit corresponds to a delay or channel tap location. In
one example, a TD beam corresponds to a single delay or channel tap location. In
another example, a TD beam corresponds to multiple delays or channel tap locations.
In another example, a TD beam corresponds to a combination of multiple delays or
channel tap locations.

The rest of the present disclosure is applicable to both space-frequency (equation 5)
and space-time (equation SA) frameworks.

In the present disclosure, the framework mentioned herein for CSI reporting based on
space-frequency compression (equation 5) or space-time compression (equation SA)
frameworks can be extended in two directions:

@ time or Doppler domain compression (e.g., for moderate to high mobility UEs)
and

@ joint transmission across multiple RRHs/TRP (e.g., for a DMIMO or multiple TRP
systems).

FIGURE 14 illustrates an example of a UE moving on a trajectory 1400 located in a
distributed MIMO according to embodiments of the present disclosure. For example,
trajectory 1400 located in a distributed MIMO can be implemented by the UE 116 of
FIGURE 3. This example is for illustration only and can be used without departing
from the scope of the present disclosure.

While the UE (e.g., the UE 116) moves from a location A to another location B at
high speed (e.g., 60 kmph), the UE measures the channel and the interference (e.g.,
via NZP CSI-RS resources and CSI interference measurement (CSI-IM) resources,
respectively), and then uses them to determine/report CSI regarding CJT from multiple
RRHs. The reported CSI can be based on a codebook, which includes components
regarding both multiple RRHs, and time-/Doppler-domain channel compression.

FIGURE 15 illustrates examples of a UE moving on a trajectory 1500 located in
co-located and distributed TRPs according to embodiments of the present disclosure.
For example, trajectory 1500 located in co-located and distributed TRPs can be
implemented by any of the UEs 111-116 of FIGURE 1. This example is for illustration

only and can be used without departing from the scope of the present disclosure.
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In one example scenario, multiple TRPs can be co-located or distributed, and can
serve static (non-mobile) or moving UEs. While the UE moves from a location A to
another location B, the UE measures the channel, e.g., via NZP CSI-RS resources,
(may also measure the interference, e.g., via CSI-IM resources or CSI-RS resources for
interference measurement), uses the measurement to determine/report CSI evaluating
joint transmission from multiple TRPs. The reported CSI can be based on a codebook.
The codebook can include components evaluating multiple TRPs, and frequency/
delay-domain channel profile and time/Doppler-domain channel profile.

FIGURE 16 illustrates an example of a timeline 1600 for a UE to receive NZP
CSI-RS resource(s) bursts according to embodiments of the present disclosure. For
example, timeline 1600 for a UE to receive NZP CSI-RS resource(s) bursts can be
followed by the UE 116 of FIGURE 3. This example is for illustration only and other
embodiments can be used without departing from the scope of the present disclosure.

In one embodiment, a UE is configured to receive a burst of non-zero power (NZP)
CSI-RS resource(s), referred to as CSI-RS burst for brevity, within B time slots
comprising a measurement window, where B>1. The B time slots can be accordingly
to at least one of the following examples.

@ In one example, the B time slots are evenly/uniformly spaced with an inter-slot
spacing d.

@ In one example, the B time slots can be non-uniformly spaced with inter-slot
spacing e,=d,, e,=d,-d,, e;=d;-d,,..., so on, where e;#¢; for at least one pair (i,j) with
1#].

The UE receives the CSI-RS burst, estimates the B instances of the DL channel
measurements, and uses the channel estimates to obtain the Doppler component(s)
of the DL channel. The CSI-RS burst can be linked to (or associated with) a single
CSI reporting setting (e.g., via higher layer parameter CSI-ReportConfig), wherein the
corresponding CSI report includes an information about the Doppler component(s) of
the DL channel.

Let h, be the DL channel estimate based on the CSI-RS resource(s) received in time
slot t{0,1,...,B-1}. When the DL channel estimate in slot t is a matrix G, of size
Nr XN XNs., then h=vec(G,), where Ng,, Nr,, and Ng. are number of receive (Rx)
antennae at the UE, number of CSI-RS ports measured by the UE, and number of
subcarriers in frequency band of the CSI-RS burst, respectively. The notation vec(X)
is used to denote the vectorization operation wherein the matrix X is transformed into
a vector by concatenating the elements of the matrix in an order, for example, 1 — 2
— 3 — and so on, implying that the concatenation starts from the first dimension, then

moves second dimension, and continues until the last dimension. Let Hg=[hy h; ... hg
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] be a concatenated DL channel. The Doppler component(s) of the DL channel can

be obtained based on Hg. For example, Hg can be represented as € = Y V-1 ¢
where ® = [¢py P1 ... Py_1] is a Doppler domain (DD) basis matrix whose columns

comprise basis vectors, C=[c, ¢ ... cx] is a coefficient matrix whose columns
comprise coefficient vectors, and N<B is the number of DD basis vectors. Since

the columns of Hy are likely to be correlated, a DD compression can be achieved
when the value of N is small (compared to the value of B). In this example, the
Doppler component(s) of the channel is represented by the DD basis matrix ® and the
coefficient matrix C.

When there are multiple TRPs/RRHs (Nggi>1), the UE can be configured to measure
the CSI-RS burst(s) according to at least one of the following examples.

In one example, the UE is configured to measure Nggy CSI-RS bursts, one from
each TRP/RRH. The Nggy CSI-RS bursts can be overlapping in time (i.e., measured
in same time slots). Or they can be staggered in time (i.e., measured in different time
slots). Whether overlapping or staggered can be determined based on configuration.
It can also depend on the total number of CSI-RS ports across RRHs/TRPs. When the
total number of ports is small (e.g., <= 32), they can overlap, otherwise (>32), they are
staggered. The number of time instances B can be the same for each of the Nggy bursts.
Or the number B can be the same or different across bursts (or TRPs/RRHs).

@ In one example, each CSI-RS burst corresponds to a semi-persistent (SP) CSI-
RS resource. The SP CSI-RS resource can be activated or/and deactivated based on
a MAC CE or/and DCI based signaling. Additional details are as described in U.S.
Patent Application No. 17/689,838 filed March 8, 2022 (the 838 Application), which
is incorporated by reference in its entirety.

@ In one example, each CSI-RS burst corresponds to a group of B>1 aperiodic (Ap)
CSI-RS resources. The Ap-CSI-RS resources can be triggered via a DCI with slot
offsets such that they can be measured in B different time slots. The rest of the details
can be as described in the 838 Application.

@ In one example, each CSI-RS burst corresponds to a periodic (P) CSI-RS resource.
The P-CSI-RS resource can be configured via higher layer. The first measurement
instance (time slot) and the measurement window of the CSI-RS burst (from the
P-CSI-RS resource) can be fixed or configured. The rest of the details can be as
described in the *838 Application.

@ In one example, a CSI-RS burst can either be a P-CSI-RS, or SP-CSI-RS or Ap-
CSI-RS resource.

o In one example, the time-domain behavior (P, SP, or Ap) of Nigy CSI-RS bursts is

the same.
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o In one example, the time-domain behavior of Nggy CSI-RS bursts can be the same
or different.

In one example, the UE is configured to measure K>Ngry CSI-RS bursts, where
K:Zy fi?H K.; and K, is a number of CSI-RS bursts associated with RRH/TRP r, where

re{l,....,Ngru}. Each CSI-RS burst is according to one or more examples described
herein. When K. >1, multiple CSI-RS bursts are linked to (or associated with) a

CSI reporting setting, i.e., the UE receives the N; CSI-RS bursts, estimates the DL
channels, and obtains the Doppler component(s) of the channel using each of the N,
CSI-RS bursts. The rest of the details can be as described in the 838 Application.

In one example, the UE is configured to measure one CSI-RS burst across each of the
Nrru TRPs/RRHs. Let P be a number of CSI-RS ports associated with the NZP CSI-
RS resource measured via the CSI-RS burst. The CSI-RS burst is according to one or
more examples described herein. The total of P ports can be divided into Nggy groups/
subsets of ports and one group/subset of ports is associated with (or corresponds to) a
TRP/RRH. Then, P= ZN RRAP, and P, is a number of CSI-RS ports in the group/subset

=1
of ports associated with RRH/TRP r.

@ In one example, in each of the B time instances, a UE is configured to measure
each groups/subsets of ports, i.e., in each time instance within the burst, the UE
measures each of P ports (or Nggry groups/subsets of ports).

@ In one example, a UE is configured to measure subsets/groups of ports across
multiple time instances, i.e., in each time instance within the burst, the UE measures a
subset of P ports or a subset of groups of ports (RRHs/TRPs).

o In one example, in each time instance, the UE measures only one group/subset of
ports (1 TRP per time instance). In this case, B=NgryXC or B>Ngg;xC, where C is a
number of measurement instances for each TRP/RRH.

o In one example, the UE is configured to measure one half of the port groups in a
time instance, and the remaining half in another time instance.

B In one example, the two time instances can be consecutive, for example, the UE
measures one half of port groups in even-numbered time instances, and the remaining
half in the odd-numbered time instances.

B In one example, a first half of the time instances (e.g., 0,1,..., g -1) is configured

2
to measure one half of the port groups, and the second half of the time instances (e.g.,
B »---B-1) is configured to measure the remaining half of the port groups.
2
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In one example, the UE is configured to measure multiple CSI-RS bursts, where each
burst is according to one or more examples described herein. Multiple CSI-RS bursts
are linked to (or associated with) a CSI reporting setting, i.e., the UE receives multiple
CSI-RS bursts, estimates the DL channels, and obtains the Doppler component(s) of
the channel using each of multiple CSI-RS bursts.

Let N, be the length of the DD basis vectors {¢,}, €.g., each basis vector is a length
N,x1 column vector.

FIGURE 17 illustrates examples of timelines 1700 for partitioned CSI-RS burst
instances according to embodiments of the present disclosure. For example, timelines
1700 for partitioned CSI-RS burst instances. For example, timelines 1700 for
partitioned CSI-RS burst instances can be followed by the UE 113 of FIGURE 1. This
example is for illustration only and other embodiments can be used without departing
from the scope of the present disclosure.

In one embodiment, a UE is configured to determine a value of N, based on the value
B (number of CSI-RS instances) in a CSI-RS burst and components across which the
DD compression is performed, where each component corresponds to one or multiple
time instances within the CSI-RS burst. In one example, N, is fixed (e.g., N,=B) or
configured (e.g., via RRC or MAC CE or DCI) or reported by the UE (as part of the
CSI report). In one example, the B CSI-RS instances can be partitioned into sub-time
(ST) units (instances), where each ST unit is defined as (up to) Ngr contiguous time
instances in the CSI-RS burst. In this example, a component for the DD compression
corresponds to a ST unit. With reference to FIGURE 17, three examples of the ST
units are shown. In the first example, each ST unit comprises Ng=1 time instance in
the CSI-RS burst. In the second example, each ST unit comprises Ngr=2 contiguous
time instances in the CSI-RS burst. In the third example, each ST unit comprises Nsr=4
contiguous time instances in the CSI-RS burst.

The value of Ng; can be fixed (e.g., Nsy=1 or 2 or 4) or indicated to the UE (e.g., via
higher layer RRC or MAC CE or DCI based signaling) or reported by the UE (e.g., as
part of the CSI report). The value of Ngr (fixed or indicated or reported) can be subject
to a UE capability reporting. The value of Nsr can also be dependent on the value of
B (e.g., one value for a range of values for B and another value for another range of
values for B).

When there are multiple TRPs/RRHs (Nggy>1), the UE can be configured to
determine a value of N, according to at least one of the following examples.

@ In one example, a value of N, is the same for each TRPs/RRHs.

@ In one example, a value of N, can be the same or different across TRPs/RRHs.
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FIGURE 18 is an example of a timeline 1800 for RB and SB partitions according
to embodiments of the present disclosure. For example, timeline 1800 for RB and SB
partitions can be followed by the UE 116 of FIGURE 3. This example is for illustration
only and other embodiments can be used without departing from the scope of the
present disclosure.

In one embodiment, a UE is configured with J>1 CSI-RS bursts (as illustrated
herein) that occupy a frequency band and a time span (duration), wherein the
frequency band comprises A RBs, and the time span comprises B time instances (of
CSI-RS resource(s)). When J>1, the A RBs or/and B time instances can be aggregated
across J CSI-RS bursts. In one example, the frequency band equals the CSI reporting
band, and the time span equals the number of CSI-RS resource instances (across J CSI-
RS bursts). Both can be configured to the UE for a CSI reporting, which can be based
on the DD compression.

The UE is further configured to partition (divide) the A RBs into subbands (SBs) or/
and the B time instances into sub-times (STs). The partition of A RBs can be based on
a SB size value Ngg, which can be configured to the UE (cf. Table 5.2.1.4-2 of REFS).
The partition of B time instances can be based either a ST size value Nsr or an r value,
as described in this disclosure. With reference to FIGURE 18, RBO, RB1, ..., RBA-1
comprise A RBs, T, Ty,..., Tg; comprise B time instances, the SB size Ngz=4, and the
ST size Ng=2.

When there are multiple TRPs/RRHs (Nggri>1), the UE can be configured to
determine subbands (SBs) or/and sub-times (STs) according to at least one of the
following examples.

@ In one example, both subbands (SBs) or/and sub-times (STs) are the same for each
TRPs/RRHs.

@ In one example, subbands (SBs) are the same for each TRPs/RRHs, but sub-times
(STs) can be the same or different across RRHs/TRPs.

@ In one example, sub-times (STs) are the same for each TRPs/RRHs, but subbands
(SBs) can be the same or different across RRHs/TRPs.

@ In one example, both sub-times (STs) and subbands (SBs) can be the same or
different across RRHs/TRPs.

For illustration, one or more examples described herein are implied in the rest of this
disclosure.

The CSI reporting is based on channel measurements (based on CSI-RS bursts) in
three-dimensions (3D): the first dimension corresponds to SD comprising Pcgirs CSI-
RS antenna ports (in total across each of the Nigy RRHs/TRPs), the second dimension

corresponds to FD comprising N; FD units (e.g. SB), and the third dimension
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corresponds to DD comprising N4 DD units (e.g. ST). The 3D channel measurements
can be compressed using basis vectors (or matrices) similar to the Rel. 16 enhanced
Type II codebook. Let W, W, and W, respectively denote basis matrices whose
columns comprise basis vectors for SD, FD, and DD.

[251] In one embodiment, the DD compression (or DD component or W basis) can be
turned OFF/ON from the codebook. When turned OFF, W can be fixed (hence not
reported), e.g., Wy=1 (scalar 1) or W=[1,...,1] (all-one vector) or W= 1 [1,...,1]

F4
(all-one vector) or 1 0 0](dentity matrix), where n is a scaling
0 0 1
factor (e.g. n=N,) or _ — [ 4@ @) (@) | where d” is an index
(e.g 1) W, =hyy = [qf)o D ¢N4—1]

of a fixed DD basis vector h . In one example, d’=0. In one example, when the
DD basis vectors comprise an orthogonal DFT basis set, h 4+ is a DD basis vector

which corresponds to the DC component. When turned ON, W, (DD basis vectors) is
reported.

[252] @ In one example, W, is turned OFF/ON via an explicit signaling, e.g., an explicit
RRC parameter.

[253] @ In one example, W, is turned OFF/ON via a codebook parameter. For example,
similar to M=1 in Rel.17, when N=1 is configured, W, is turned OFF, and when a
value N>1 is configured, Wy is turned ON. Here, N denotes a number of DD basis
vectors comprising columns of W,.

[254] @ In one example, the UE reports whether the DD component is turned OFF (not
reported) or ON (reported). This reporting can be via a dedicated parameter (e.g., new
UCI/CSI parameter). Or this reporting can be via an existing parameter (e.g., PMI
component). A two-part UCI (cf. Rel. 15 NR) can be reused wherein the information
whether W is turned OFF/ON is included in UCI part 1.

[255] @ In one example, W is turned OFF/ON depending on the codebookType. When the
codebookType is regular Type II codebook (similar to Rel 16 Type II codebook), W, is
turned ON, and when the codebookType is Type II port selection codebook (similar to
Rel 17 Type II codebook), W, is turned ON/OFF.

[256] In one embodiment, a UE is configured with a CSI reporting based on a codebook
(UE configured with higher layer parameter codebookType set to ' typell-Doppler-
r18"), where the codebook comprises three bases (SD, FD, and DD/TD), and has a

structure such that precoder for layer 1 is given by:

[257] W, = W1W2 (Wf,d)H
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where:
@® W, includes SD basis vectors.
® W;, includes FD basis vectors and TD/DD basis vectors.

o W2 is a coefficient matrix.

Let the length of each TD/DD basis vector be N,, and the number of TD/DD basis
vectors be Q. In one example, Ny is configured, e.g., via higher-layer (RRC) signalling.
In one example, Q is configured via RRC, or reported by the UE (e.g., as part of CSI
report). In one example, the common (Rel. 16 enhanced Type II or Rel. 17 further
enhanced Type II codebook) is used for reporting W,, W; (for each layer), and i, (for

each layer).

In one example, at least one of the following examples is used/configured regarding
Wea.

In one example, W =W &I, hence W1=W1W2 (Wf® I)H , where the notation ¢ is

used for the Kronecker product. Note that when I is zxz identity matrix, then W®I
implies that W; is repeated z times. Therefore, :W1W2 (Wf® I)H corresponds to one

Wi, one Wy, and z number of W, reports. In one example, z corresponds to number
of TD/DD units. In one example, z corresponds to value of Ny (i.e., z=N,). In one
example, the common (Rel. 16 enhanced Type II or Rel. 17 further enhanced Type II

codebook) is used for reporting one W, one W¢ (for each layer), and multiple i#7,, (for

each layer).

In one example, W =W QW , hence W= W1W2 (Wf®wd)H . In one example, Wy

comprises orthogonal DFT vectors as columns. The columns of the W, correspond to
the DD basis vectors.

In one example, W4 is according to one or more examples described herein based on
a condition on the value of N,. For example:

@ For N,<x, W;4 is according to one or more examples described herein.

@ For N,>x, W4 is according to one or more examples described herein. In one
example, W is an orthogonal DFT basis matrix commonly selected for each SD/
FD bases reusing the common W, and W; (Rel. 16 enhanced Type II or Rel. 17
further enhanced Type Il codebook). In one example, DFT vectors for DD basis has
a oversampling or rotation factor (O,). In one example, O,=4 or 1 is fixed. In one
example, O, is identical (the same) for different SD components. In one example, Oy, is
different for different SD components.

In one example, x is fixed, e.g., x=1 or x=2.
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In one example, x is configured, e.g., via higher layer (RRC) or MAC CE or DCI
(e.g., CSIrequest field triggering a Aperiodic CSI report).

In one example, x is reported by the UE, e.g., the UE (e.g., the UE 116) reports the
value of x via UE capability reporting, or via CSI report.

When x=1, the condition is equivalent to the following:

@ For N,=1, W, is according to one or more examples described herein. In this case,

since 1=1, WI:WIWZ(Wf)H, i.e., there is no DD/TD basis, or it is replaced with a scalar

value 1. In this case, the PMI reporting can be according to a common codebook (Rel.
16 enhanced Type II or Rel. 17 further enhanced Type II codebook).

@ For N,>1, W, is according to one or more examples described herein. In one

example, W is an orthogonal DFT basis matrix commonly selected for each SD/

FD bases reusing the common W, and W, (Rel. 16 enhanced Type II or Rel. 17

further enhanced Type Il codebook). In one example, DFT vectors for DD basis has

a oversampling or rotation factor (O,4). In one example, O,=4 or 1 is fixed. In one
example, O, is identical (the same) for different SD components. In one example,

O, is different for different SD components. In one example, only Q (denoting the
number of selected DD basis vectors or columns of W,) >1 is allowed, i.e., the UE is
expected to be configured with Q>1 (e.g., Q=2 or 3 or...), or the UE is not expected to
be configured with Q=1.

In one example, the set of supported values for N, includes {1,2,4,8}.

In one example, the set of supported values for Q includes {1,2} or {1,2,3} or
{1,2,3,4}. In one example, when N,=1, Q=1 or vice versa. In one example, Q=2 only
when N,>2 or N,>3. In one example, Q=1,2 when N,=2.

In one example, the value of number of P/SP NZP CSI-RS resources configured
for CSI reporting including Doppler components is K=1 . In one example, the value
of number of Ap NZP CSI-RS resources configured for CSI reporting including
Doppler components is Ke{4,8,12}. The spacing between two consecutive AP CSI-
RS resources can be me{1,2}. The value of DD/TD unit d can be {1,m,p}, where p is
the periodicity of the P/SP NZP CSI-RS resource. The CSI reporting window (number
of slots), [L,...,]1+Wcg-1], where Weg=N.d, and l=n,.; or n+0, where n,. is slot of the
CSI reference resource associated with the CSI report, n is the UL slot in which the
CSI reported, and 6€{0,1,2} is parameter. The values of Q,N,,K,m,d,d are higher layer
configured.

In this disclosure, K antenna port groups can be associated with at least one of the
following examples:

@ Each of K antenna groups corresponds to a CSI-RS resource.

@ Each of K antenna groups corresponds to a CSI-RS resource set.
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[281] @ Each of K antenna groups correspond to an antenna group, including one or
multiple antenna ports/elements.

[282] @ Each of K antenna groups corresponds to a TRP/RRH.

[283] @ Each of K antenna groups corresponds to an antenna panel, where the antenna
panel includes multiple antenna ports/elements.

[284] @ Each of K antenna groups corresponds to a cell.

[285] In this disclosure, we simply use a term CSI-RS resource or resource or group for
each of K antenna port groups, unless otherwise noted.

[286] In one example, the number of antenna ports across K CSI-RS resources is the same.
For example, each of the K CSI-RS resources can be associated with 2NN, antenna
ports. In this case, the total number of antenna ports is 2KN;N..

[287] In one example, the number of antenna ports across K CSI-RS resources can be the
same. For example, each of the K CSI-RS resources can be associated with 2N N,

antenna ports. In this case, the total number of antenna ports is K 2NN,
Z r=1

[288] In one embodiment, a UE is configured with a codebook which includes spatial-
domain (SD) basis vector selection component, inter-polarization co-phase component,
and/or inter-resource co-phase component. The SD basis vector selection component
W, is used to report/indicate L. SD basis vectors and the inter-polarization co-phase
component ¢ is used to report/indicate co-phase value(s) between cross-polarization
antenna groups (i.e., a first antenna polarization group and a second antenna
polarization group). The inter-resource co-phase component has two subcomponents,
where a first sub-component Q; is used to determine co-phase value(s), which is not
reported (i.e., fixed or configured), between resource antenna groups based on the
SD basis vector selection and a second sub-component Q, is used to report/indicate
another set of co-phase value(s) between resource antenna groups.

[289] In another example, the inter-resource co-phase component has component Q,

without component Q.
[290] In another example, the inter-resource co-phase component has component Q,

without component Q;.

[291] In another example, the inter-resource co-phase component has a combined
component Q=0Q,Q..
[292] Regarding the component Q, for co-phase value(s) ¢ across resource antenna groups

(CSI-RS resources), the co-phase value(s) is reported according to at least one of the
following examples.
[293] In one example, the co-phase value(s) is resource-common and layer-common, i.e.,

one co-phase value c is reported for all (CSI-RS) resources and for all layers.
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[294] In one example, the co-phase value(s) is resource-common yet layer-specific, i.e.,
one co-phase value ¢ is reported for all (CSI-RS) resources for each layer 1.

[295] In one example, the co-phase value(s) is resource-specific yet layer-common, i.e.,
one co-phase value c, is reported for all layers for each resource r of the K CSI-RS
resources (or K-1 CSI-RS resources, i.e., the case excluding a reference CSI-RS
resource or a first/lowest indexed CSI-RS resource).

[296] In one example, the co-phase value(s) is resource-specific and layer-specific, i.e.,
one co-phase value c,) is reported for each layer 1 and for each resource r of the K CSI-
RS resources (or K-1 CSI-RS resources, i.e., the case excluding a reference CSI-RS
resource or a first/lowest indexed CSI-RS resource).

[297] In one example, the co-phase value(s) is reported in a wideband (WB) manner only,
i.e., one co-phase value for a resource and a layer is reported for all of the configured
bandwidth.

[298] In one example, the co-phase value(s) can be configured to report in a subband (SB)
manner i.e., one co-phase value for a resource and a layer is reported for each SB in the
configured bandwidth.

[299] In one example, when the number of CSI-RS resources is in a set «, the co-phase
value(s) can be configured to report in a SB manner, i.e., one co-phase value for a
resource and a layer is reported for each SB in the configured bandwidth.

[300] @ In one example, x includes 2.

[301] @ In one example, x includes 2 and 3.

[302] In one example, when the value of layer 1 is in a set L, the co-phase value(s) can be
configured to report in a SB manner, i.e., one co-phase value for a resource and a layer
is reported for each SB in the configured bandwidth.

[303] @ In one example, L includes 1.

[304] @ In one example, L includes 1 and 2.

[305] In one example, when the value of layer 1 is in a set L and the number of CSI-

RS resources is in a set x, the co-phase value(s) can be configured to report in a SB
manner, i.e., one co-phase value for a resource and a layer is reported for each SB in
the configured bandwidth.

[306] @ In one example, x includes 2.

[307] @ In one example, x includes 2 and 3.

[308] @ In one example, L includes 1.

[309] @ In one example, L includes 1 and 2.
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[310]

[311]
[312]
[313]

[314]

[315]

[316]

[317]

[318]

[319]

[320]

In one example, the co-phase value c(c, or ¢, or c,;) is selected from an alphabet set,

where the alphabet set is an M-PSK, i.e., c=ae J271n where n=0,1,..,M-1, N>M and a
N
is a phase value, e.g., a=e", where 0€[0,27].

@ In one example, N=2. In one example, N=4.

@ In one example, M=2. In another example M=4.

@ In one example, 0=0. In another example, 0= 5 . In another example, 0=- .

4 4

In one example, a codebook with W, according to one or more embodiments
described herein can be based on Rel-15 Type-I codebook (or low-resolution
codebook, 5.2.2.2.1 TS 38.214 [REFS]), where the codebook includes W; component
according to one or more embodiments described herein and W, component for basis
vector selection and/or co-phase selection (e.g., it can be called Rel-19 Type-I CSI).

In one example, a codebook with W, according to one or more embodiments
described herein can be based on Rel-16 Type-II codebook (or high-resolution
codebook, 5.2.2.2.5 TS 38.214 [REFS]), where the codebook includes W; component
according to one or more embodiments described herein, W component for frequency-
domain basis vector selection, and W, component for coefficient selection associated
with (SD, FD) basis vector pairs (e.g., it can be called Rel-19 Type-1I CSI).

In one example, a codebook with W, according to one or more embodiments
described herein can be based on Rel-18 Type-II codebook (or high-resolution
codebook, 5.2.2.2.8 TS 38.214 [REFS]), where the codebook includes W, component
according to one or more embodiments described herein, W component for frequency-
domain basis vector selection, and W, component for coefficient selection associated
with (SD, FD) basis vector pairs (e.g., it can be called Rel-19 Type-1I CSI).

In one embodiment, Type-I and Type-II CSI reporting can be (implicitly) configured
from a same codebook via configuring the value of L. The codebook is designed based
on W, described in one or more embodiments herein.

In one example, Type-1 CSI reporting can be (implicitly) configured when L=1 is
configured.

In one example, when L=1 is configured, FD compression component (i.e., W¢
component, e.g., FD basis vector selection (i, s, i;6) and corresponding coefficient
selection) is not applied in the codebook, i.e., W=W ;W,.

In one example, when L=1 is configured, FD compression component (i.e., W¢
component, e.g., FD basis vector selection (i, s, i;6) and corresponding coefficient

selection) can be turned on or turned off by using a higher-layer parameter.
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[321] In one example, Type-1I CSI reporting can be (implicitly) configured when L>1 is
configured.

[322] In one example, when L>1 is configured, FD compression component (i.e., W¢
component, e.g., FD basis vector selection (i, s, i;6) and corresponding coefficient
selection) can be turned on or turned off by using a higher-layer parameter.

[323] In one example, when L>1 is configured, FD compression component (i.e., W¢
component, e.g., FD basis vector selection (i, s, i16) and corresponding coefficient
selection) is turned on, i.e., W=W W, 7.

"

[324] In one embodiment, Type-I and Type-II CSI reporting can be explicitly
configured from a same codebook via a higher-layer parameter, e.g., codebookType,
codebookMode, etc. The codebook is designed based on W, described in one or more
embodiments herein.

[325] In one example, for Type-I CSI reporting, the candidate values of L can include 1
and other value(s) larger than 1 (e.g., 4), and one out of L basis vectors is selected.

[326] In another example, for Type-1 CSI reporting, L=1 is only allowed to configure.

[327] In one example, for Type-II CSI reporting, the candidate values of L can include
values larger than 1 (e.g., 2,4,6).

[328] In one example, for Type-II CSI reporting, the candidate values of L can include 1
and other values larger than 1 (e.g., 2,4,6).

[329] In the examples described in this disclosure, the terminology of Type-1I/Type-11
should not be limited to the scope of the present disclosure. They can be denoted by
different terminologies such as low-resolution/high-resolution CSI codebook, low-
resolution/high-resolution CSI reporting, etc.

[330] In one embodiment, the SD basis vector selection component W, has a block
diagonal structure with 2K blocks for two polarization groups and K CSI-RS resources

(or CSI-RS antenna port groups): e.g.,

331] B, 0 0 0O 0
0O B, 0 0 0

w,=[o o -~ 0 0

0 0 0 By, O

lo o o o Bl
[332] where B,=[b,¢,b.1, ... ,.bor1] 1s @ SD basis vector group for each diagonal block n and

L is the number of SD basis vectors in the group.
[333] In one example, the SD basis vector group is polarization-common and CSI-RS-
resource-specific, i.e., one SD basis vector group for both polarization for each CSI-RS

resource: e.g.,
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[334] B, 0 0 O 0 -
0 B, 0 0 0
w,=|0 0 ~ 0 0
0 0 0 By, O
(0 0 0 0 Byl
[335] where B, =[b,¢,b,1, ... ,.bn1.1] 1s @ common SD basis vector group for every two

[336]

[337]

[338]

[339]

[340]

[341]

diagonal blocks, the CSI-RS port indexing order is in the order of (1%-pol, 1™ CSI-
RS resource), (2™-pol, 1* CSI-RS resource) , (1¥-pol, 2"* CSI-RS resource), (2"-
pol, 2™ CSI-RS resource), ....,(I’-pol, K-th CSI-RS resource), (2“d—p01, K-th CSI-RS
resource), where n=0,..,K-1 and L is the number of SD basis vectors in the group.

In another example, W, can be expressed as follows if the CSI-RS port indexing
order is in the order of (1*-pol, 1* CSI-RS resource), (1%-pol, 2" CSI-RS resource), ...,
(1"-pol, K-th CSI-RS resource), (2"-pol, 1* CSI-RS resource) , (2"-pol, 2" CSI-RS
resource), ..., (2“d—p01, K-th CSI-RS resource):

B, 0 0 0 0 0 -
0 0 0 0 0
o o Bea 0 0 0
Wi=lo 0o o B, 0 o0
0 0 0 0 - 0

0 0 0 0 0 By,

In one example, the SD basis vector group is polarization-specific and CSI-RS-
resource-common, i.e., one SD basis vector group for CSI-RS resources for each

polarization: e.g.,

B, 0 0 0 0
0O B, 0 0 0
w,=[0 0 -~ 0 0

0 0 0 By O
0 0 0 0 B,

where B,=[b,¢,by1,...,by 1] 1s @ SD basis vector group for CSI-RS resources for each

polarization n, the CSI-RS port indexing order is in the order of (1¥-pol, 1* CSI-RS
resource), (2“d—p01, 1™ CSI-RS resource) , (1%-pol, 2™ CSI-RS resource), (2“d—p01, 2
CSI-RS resource), ... ,(17-pol, K-th CSI-RS resource), (2“d—p01, K-th CSI-RS resource),
where n=0,1 and L is the number of SD basis vectors in the group.

In another example, W, can be expressed as follows if the CSI-RS port indexing
order is in the order of (1¥-pol, 1* CSI-RS resource), (1*-pol, 2** CSI-RS resource), ...,
(1"-pol, K-th CSI-RS resource), (2"-pol, 1* CSI-RS resource) , (2"-pol, 2" CSI-RS
resource), ..., (2“d—p01, K-th CSI-RS resource):
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[342] B, 0 0 0 0 O
0 0 0 0 0
O 0 B, 0 0 0
Wi=lo o o B, 0 o0
O 0 0 0 ~ 0
(o0 0 0 0 0 B,

[343]

[344]

[345]

[346]

[347]

[348]

[349]

[350

[351

[352
[353

— e e

[354]

[355]

[356]

In one example, the SD basis vector group is polarization-common and CSI-RS-
resource-common, i.e., one SD basis vector group for CSI-RS resources for both

polarizations: e.g.,

[B 0O 0 O 0]
|0 B 0 0 O
W;=10 0 -~ 0 O
llO 0 0 B 0J|
0O 0 0 0 B

where B=[by,by,...,b. 1] is a common SD basis vector group for CSI-RS resources for
both polarizations and L is the number of SD basis vectors in the group.

In one example, L SD basis vectors are layer-common and resource-common, i.e., L
common SD basis vectors for layers and resources.

In one example, L. SD basis vectors are layer-common and resource-specific, i.e., L
common SD basis vectors for layers and for each resource.

In one example, L. SD basis vectors are layer-specific and resource-common, i.e., L.
common SD basis vectors for resources and for each layer.

In one example, L. SD basis vectors are layer-specific and resource-specific, i.e., L
SD basis vectors for each resource and for each layer.

In one example, L is fixed, e.g., L=1, L=2, L.=4, L=6, L=8 L=10, L=12, or L=16.

In one example, L depends on Pesgs, €.g2., L<sP where s<1, e.g., Y2 or V4 .

In one example, L can be different across resources, e.g., L, for n-th resource.

In one example, L, depends on Pcggs;, €.2., Li<sPegirs, or L= K L:<sP=s

Z r=1
x P.where s<l,e.g., V2 0r 1/4.
2 r=1

In one example, L is configured via higher-layer signaling (e.g., RRC), e.g., Le{1,4},
Le{l1,2,4},Le{l1,2},Le{1,2,4,8}, Le{1,2,4,6}, Le{1,4,8,12}.

In one embodiment, the SD basis vector component W is determined in a WB
manner, i.e., L SD basis vector selection for configured subbands (i.e., wideband).

In one example, when the SD basis vector group is polarization-common and CSI-RS
resource-common and L=1, the SD basis vector component W, includes only one SD

basis vector for CSI-RS resources for both polarization for subbands.
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[357]

[358]

[359]

[360]

[361]

[362]

[363]
[364]

In one embodiment, the SD basis vector component W is determined in a WB+SB
manner, where L SD basis vectors are selected for configured subbands and L, (<L)
vectors out of the L. SD basis vectors are selected for each subband. For example, L,
=1.

In one embodiment, the SD basis matrices comprising the diagonal blocks of the
component W, have columns that are selected from a set of oversampled 2D DFT
vectors. When the antenna port layout is the same across RRHs, for a given antenna
port layout (N;,N,) and oversampling factors (O,,0,) for two dimensions, a DFT vector

vim can be expressed as follows.

NNy j2m 2L, 1) T
Vim ™ = [um e’OlNiy,, ... e OiNa m]
N . 27Im .2mm(No—1)
u,’ = oo =57
m 1 e 02N2 . e OzNz

where 1€{0,1,...,0/N-1} and me{0,1,...,0,N»-1}. Here, (O,,0,) can be fixed, e.g.
(1,1), (2,2), (2,1), (2,2), (4,1), or (4,4), or configured. (O,0,) can be different across
resources. (O,,0,) can depend on (N,N,). For example, O;N;=v or <v where v can be
fixed, e.g., 64, 128 or configured.

FIGURE 19 illustrates a diagram of an example number of CSI-RS resource groups
1900 according to embodiments of the present disclosure. For example, CSI-RS
resource groups 1900 can be utilized by any of the UEs 111-116 of FIGURE 1. This
example is for illustration only and other embodiments can be used without departing
from the scope of the present disclosure.

In embodiment one, the first inter-resource co-phase component Q) includes co-
phase values, which are fixed (not reported) and determined based on the SD basis
vector component W having N;N,-size 2D DFT vectors (i.e., low-resolution DFT
vector), in order to generate/provide/construct a larger size (e.g., KN;N») of 2D DFT
vectors (high-resolution DFT vector). In one example, this embodiment is relevant to
the case of one or more examples described herein, i.e., the SD basis vector group is
common for CSI-RS resources and both polarizations.

When single DFT vector is selected/utilized in Wy, L=1 or L;=1.

In one example, with reference to FIGURE 19, when a number of CSI-RS resources
(or CSI-RS port groups) is 2, (i.e., K=2), two N xN,-size 2D DFT vectors (per
polarization) can be utilized to form a single 2N,;xN,-size 2D DFT vector based on the

component Q;. For example:



48

WO 2024/242535 PCT/KR2024/095814
- N.{,N -
[365] vt 0 0 0 I 1 0
Ny,N T
W0 0 Vi 0 0 0’ 10:72) 0
1¥1 = NN
0 0 v 0 0 1
' , Tl
0 0 o vrM|l ¢ e’ 10./2) |
Im
NIPNZ
Vim 0
jn—l Ni,N
0 AN 11V 2
_ e’ (0./2) vl,m 0
- N1,Nz
0 Vim
jn—l Ny,N
0 2 R 1.4¥V2
0 e’ (01/2) vl,m |
2N1,N>
V)m 0
- 2Ny,N5
0 Vim
[366] Note that the resultant vector N1z is 2D DFT vectors of the size of 2N;xN, with

[367]
[368]

[369]
[370]
[371]

[372
[373
[374
[375
[376

—t e e e e

[377]

ILm

oversampling factors 0, and O,, where O;>2 and O,>1. In one example, O,=1.

2

In one example, when O,=1, the value of ;_Z_=].
e’ 01/2)

in Qy is determined by index 1 in

In one example, when O,=2, the value of ;_T
e 1

(01/2)
the component W:

® 1 for1=0,2,4,...,N,0,-2; and/or

® -1 for1=1,3,5,....N;O-1.

In one example, when O,=4, the value of j(o’sz) in Qy is determined by index 1 in
e 1

the component W;:
® | for1=0,4,8....N,0,-4;
®iforl=1,59,....N,0,-3;
® -1 for1=2.6,10,....N,0;-2; and/or
® -i for1=3,7,11,....N;O-1.
Similarly, when O; is given (e.g., 6, 8, 10, 12, ...), the value of ej 7l in Q, can be

(01/2)

determined by index | in the component W;.

Although various embodiments express the example/equation on W;Q, herein the
CSI-RS port indexing order is in the order of (1¥-pol, 1* CSI-RS resource), (1*-pol, 2"
CSI-RS resource), (2“d—p01, 1* CSI-RS resource), (2“d—p01, 2" CSI-RS resource), it can
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[378]

[379]

[380]

[381]

[382]

[383]

be straightforwardly extended when different CSI-RS port indexing order is applied. In
other words, any permutations of W, and/or Q, also belong to the present disclosure.

For example, it can be expressed as

Ny N,
[leNZ 0 0 0 'l[l 0 _l vlm 0
Ny N,
NN N v 0
W.Q, = | Vim | Jom| = . ml i
| 0 0 v;\lrlnNz 0 |0 (01/2) 0 207D . v;\lrlnNz
J' .
Lo o o ol Joml | e Vi

the CSI-RS port indexing order is in the order of (1¥-pol, 1* CSI-RS resource), (2"'-
pol, 1¥ CSI-RS resource), (1*-pol, 2™ CSI-RS resource), (2“d—p01, 2™ CSI-RS resource).
Hereafter, in this disclosure, we express equations using the order of (1%-pol, 1* CSI-
RS resource), (1%-pol, 2 CSI-RS resource), ... , (1¥-pol, K-th CSI-RS resource), (2
-pol, 1" CSI-RS resource) , (2“d—p01, 2™ CSI-RS resource), ... , (2“d—p01, K-th CSI-RS
resource) for the sake of simplicity and the purpose of illustration.

FIGURE 20 illustrates a diagram of an example number of CSI-RS resource groups
2000 according to embodiments of the present disclosure. For example, CSI-RS
resource groups 2000 can be utilized by the UE 116 of FIGURE 3. This example is for
illustration only and other embodiments can be used without departing from the scope
of the present disclosure.

In one example, with reference to FIGURE 20, when a number of CSI-RS resources
(or CSI-RS port groups) is 2, (i.e., K=2), two N xN,-size 2D DFT vectors (per
polarization) can be utilized to form a single N;x2N,-size 2D DFT vector based on the

component Q;. For example:

LACAC 0 0 1y 1 0
. Tm
W0, - 0 vE? 0 0 [efm 0 }
S 0o v g || O 1
ILm . l ] m J
y 0,/2
0 0 R e L (02/2)
_ N N —
vljn 2 0
j”— Ny N
_ e’ (02/2) . vl,v}:; 2 0
- N4,N
0 v“ln 2
. Tm
0 e 072 -y

By taking a permutation operation P (which is also fixed operation) for W,Q;, it can

be expressed as, €.g.,
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[384] vévrlﬁmz 0
PWlQl - 0 lerZNz '
ILm
[385] For example, p= [X 0] where:
[386] o -IN2 0 0 0 1 for the case of N,=2.
|0 0 Iy O |
0 I N, 0 0 |
(0 0 o0 Iyl
[387] o _INz 0 0 0 0 0 0 (0 7 for the case of N,=4.
0 0 0 0 Iy, O 0 0
0 Iy, O 0 0 0 0 0
0 0 0 0 0 Iy 0 0
X = 2
0 0 Iy, O 0 0 0 0
0 0 0 0 0 0 Iy, O
0 0 0 Iy, O 0 0 0
| 0 0 0 0 0 0 0 I|
[388] @ X can be extended in the same way for the case of N=6,8,10,12,14,16,...
[389] where Iy, is an NoxN, identity matrix.
[390] Note that the resultant vector v;\’ TirrlZNz is 2D DFT vectors of the size of N;x2N, with
oversampling factors Oy and 5, , where O;>1 and O,>2. In one example, O,=1.
2
[391] In one example, when O,=1, the value of j 7 O /2) =1
[392] In one example, when O,=2, the value of o j(o’;ﬁ in Q, is determined by index m in
the component W;:
[393] ® 1 for m=0,2.4,....N,O,-2; and/or
[394] ® -1 for m=1,3,5,...,N,O,-1.
[395] In one example, when O,=4, the value of j c - / ) in Q, is determined by index m in
the component W:
[396] ® 1 for m=0,4,8...,N,O,-4;
[397] ®iform=1,5,9,...,N,0,-3;
[398] ® -1 for m=2.6,10,....N,O,-2; and/or
[399] ® -i form=3,7,11,...,.N,O,-1.
[400] Similarly, when O, is given (e.g., 8), the value of 0 j(onz% in Q, can be determined by

index m in the component W;.
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[401]

[402]

[403]

[404]

[405]

[406]
[407]
[408]

FIGURE 21 illustrates a diagram of an example number of CSI-RS resource groups
2100 according to embodiments of the present disclosure. For example, CSI-RS
resource groups 2100 can be utilized by the UE 111 of FIGURE 1. This example is for
illustration only and other embodiments can be used without departing from the scope
of the present disclosure.

In one example, with reference to FIGURE 21, when a number of CSI-RS resources
(or CSI-RS port groups) is 4, (i.e., K=4), four N;xN,-size 2D DFT vectors (per
polarization) can be utilized to form a single 4N;xN,-size 2D DFT vector based on the

component Q;. For example:

A 0 0 0 0 0 0 1 0
’ ., ml
0 v g 0 0 0 0 0 |[e’7m2 0
' 1]
0 0w g 0 0 0 0 || O™ 0
' N1.Nz o
0 0 0 Vim 0 0 0 0 2’01792 0
wW,Q, = N{,N
0 0 0 0 v 0 0 0 0 1
Lm .oml
0 0 0 0 0 w0 0 0 ez
’ .oml
0 0 0 0 0 0 vy 0 0 e’ /D
. 3ml
0 0 0 0 0 0 o vl o Jwre
NN
vl;n z 0
. ml
2’01 /9)2 -yl 0
. ml
R OYOR A 0
. 3ml
e’ (01782 '”?,]rlr'lNz 0 viivnerZ 0
oo ST I B
.ooml
0 e’ 0,742 '";V;r;NZ
.ol
0 e’ 0175 . viV#LNz
. 3ml
0 e’ (0,/4)2 'Vf,l,;Nz_

Note that the resultant vector v;l'NerZ is 2D DFT vectors of the size of 4N;xN, with
,m

oversampling factors 0, and O,, where O,>4 and O,>1. In one example, O,=1,2,0r

4
3.

In one example, when O,=4, the values of( ;ml . ml ;_3ml ) in Q, is

e’z glo1/n gl o1/2

determined by index 1 in the component W :
® (1,1,1) for 1=0,4,8....N,O,-4;
® (i,-1,-i) for 1=1,5.9,...,N;0;-3;
® (-1.1,-1) for 1=2,6,10,...,N,0,-2; and/or
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[409] ® (-i,-1,i) for 1=3,7,11,...,N,O,-1.

[410] Similarly, when O; is given (e.g., 8,12,...), the values of

j—mL j—=_ ;3ZL_\ in O, can be determined by index I in the component
(e ©01/92,¢”01/9), ¢ (01/4)2)
W..

[411] FIGURE 22 illustrates a diagram of an example number of CSI-RS resource groups
2200 according to embodiments of the present disclosure. For example, CSI-RS
resource groups 2200 can be utilized by any of the UEs 111-116 of FIGURE 1. This
example is for illustration only and other embodiments can be used without departing
from the scope of the present disclosure.

[412] In example, with reference to FIGURE 22, when a number of CSI-RS resources
(or CSI-RS port groups) is 4, (i.e., K=4), four N;xN,-size 2D DFT vectors (per
polarization) can be utilized to form a single N;x4N,-size 2D DFT vector based on the
component Q;. For example:

[413] (v 0 0 0 0 0 0 0 1 0

! . mm
0o v g 0 0 0 0 0 ||le’rm2 0
§ . mm
0 0 v 0 0 0 0 0 || @D 0
' Ny _smm_
W0 0 0 0 Vi 0 0 0 0 e’ 02712 0
S 0 0 0o Y 9 0 0 0 1
, . Tm
0 0 0 0 0 v o 0 0 ez
a ] mm
0 0 0 0 0 0o v g 0 e (0278
4 NN j 3mm
0 0 0 0 0 0 0 Vi © 0 e (02/9)2]
vy 0
.. N
e (02/4)2. v 0
. ™Tm ’
e}(02/4) . 1];\’]717'1]\]2 0
. 3mm
e’ (02702 .UiV;:LNZ 0
- 0 viV;;NZ
mm
0 e/ (0792 . Vil
N
0 e (0z/4) . v
. 3mm
0 e’ (027402 .V;V#NZ_

[414] By taking a permutation operation P (which is also fixed operation) for W,Q, it can
be expressed as, €.g.,

[415] VAN 0
PW.Q=| "

0 'UN 1,4N5

52

Lm
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[416] For example X 0] where:

’P=[0X
4177 @ Iy 0 0

2

for the case of N,=2.
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for the case of N,=4.
[419] @ X can be extended in the same way for the case of N;=6,8,10,12,14,16,...
[420] where Iy, is an N,xN, identity matrix.

[421] Note that the resultant vector vflV 14Nz i3 2D DFT vectors of the size of N;x4N, with
m

oversampling factors O, and 0, where O,>1 and O,>4. In one example, O,=1,2,or

4

3.
[422] In one example, when O,=4, the values of ( T e ST ) in Q, is

e’ 027472, ¢/ 102/5), ' 102752

determined by index m in the component W:
[423] ® (1,1,1) for m=0,4.8...,N,O,-4;
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® (i,-1,-i) for m=1,5,9,....N,O,-3;
® (-1.1,-1) for m=2,6,10,...,N,0O,-2; and/or
® (-i,-1,i) for m=3,7,11,...,N,O,-1.

Similarly, when O, is given (e.g., 8), the values of (

mnm

PCT/KR2024/095814

. TTm

Q, can be determined by index m in the component W;.

. ., 3mm
e’ 02792, ¢ 0279 e’c02/4)z)

FIGURE 23 illustrates a diagram of an example number of CSI-RS resource groups

2300 according to embodiments of the present disclosure. For example, CSI-RS
resource groups 2300 can be utilized by the UE 116 of FIGURE 3. This example is for

illustration only and other embodiments can be used without departing from the scope

of the present disclosure.

In one example, with reference to FIGURE 23, when a number of CSI-RS resources
(or CSI-RS port groups) is 4, (i.e., K=4), four N;xN,-size 2D DFT vectors (per

polarization) can be utilized to form a single 2N;x2N,-size 2D DFT vector based on

the component Q,. For example:
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By taking a permutation operation P (which is also fixed operation) for W,Q, it can

be expressed as, €.g.,

PW,Q, =

2Ny,2No
Vim 0
2N1,2N>
0 Vim

Similar to the approach on P shown in one or more examples described herein, P can

be constructed.
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[434]

[435]

[436
[437
[438
[439
[440

— e d e e

[441]

[442]

[443]

[444]

Note that the resultant vector 1;12&1'21\’2 is 2D DFT vectors of the size of 2N;x2N, with

oversampling factors ¢, and (5, , where O,>2 and O,>2. In another example, O,

2 2

=1. In another example, O,=1.

In one example, when O,=0,=2, the values of j rl o j ml o
(e 01/2) @7(02/2) 7 (01/2) @ (02/2))

in Qy is determined by index (1,m) in the component W:
® (1,1,1) for 1=0,2,4...,N,0,-2 and m=0,2,4...,N,O,-2,
® (1,-1,-1) for 1=0,2,4....N,0,-2 and m=1,3,5...,N,O,-1,
®(-1,1,-1) for1=1,3,5...,N;0;-1 and m=0,2,4...,N,O,-2,
®(-1,-1,1) for 1=1,3,5...,N,0;-1 and m=1,3,5...,N,O,-1,
Similarly, when O, and O, are given (e.g., (4,4), (2,4), (2,6) ....), the values of

(ej(()’lsz)’ ej(;;z)’ ej(ijZ)ej(OTZ;lZ)) in Q; can be determined by index (I,m) in the
component W.

FIGURE 24 illustrates a diagram of an example number of CSI-RS resource groups
2400 according to embodiments of the present disclosure. For example, CSI-RS
resource groups 2400 can be utilized by the UE 111 of FIGURE 1. This example is for
illustration only and other embodiments can be used without departing from the scope
of the present disclosure.

In one example, with reference to FIGURE 24, when a number of CSI-RS
resources (or CSI-RS port groups) is 8, (i.e., K=8), 8N;xN,-size 2D DFT vectors (per
polarization) can be utilized to form a single 8N;xN,-size 2D DFT vector based on the
component Q;. For example, similar to the approach shown in one or more examples

described herein:

8NN
vlmlr 2 0
u 1Q1 = , 8N, N
0 v 1.4%2

Lm

. Nq,N Nq,N =di
where w, = dlag(vl,Tir; 2 ___,vl,;r; 2 and Q,=diag(a,a) and

a= R - ~ 7m T and diag(A;,A.,...,Ay) is a block
1, e’ 091 glO1/m2 ... e’col/sml

diagonal matrix including A, A,,...,Ay as block diagonal entries.
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[445]

[446]

[447]

[448]

[449]

[450]

[451]

[452]

[453]

[454]

Note that the resultant vector v?NLNz is 2D DFT vectors of the size of 8N;xN, with
,m

oversampling factors ¢~ and O,, where O,>8 and O,>1. In another example, O,

8
=1,2,...,or 7.
In one example, for a given Oy, Q, is determined by index 1 in the component W,
(similar to one or more examples described herein).

FIGURE 25 illustrates a diagram of an example number of CSI-RS resource groups
2500 according to embodiments of the present disclosure. For example, CSI-RS
resource groups 2500 can be utilized by any of the UEs 111-116 of FIGURE 1. This
example is for illustration only and other embodiments can be used without departing
from the scope of the present disclosure.

In one example, with reference to FIGURE 25, when a number of CSI-RS
resources (or CSI-RS port groups) is 8, (i.e., K=8), 8 N;xN,-size 2D DFT vectors
(per polarization) can be utilized to form a single N;x8N,-size 2D DFT vector based
on the component Q,. For example, similar to the approach in one or more examples

described herein:

i
PWl Ql = N1,8N,
0 v,
where W, = diag(”?,]rlﬁlvz' . ”;\,]rlr’lNZ) and Q,=diag(a,a) and
a= . mm . mm . 7em 1T and diag(A,A,,...,Ax) 1s a block diagonal

1,e’©2/94, ¢/ ©02/82, ... g/ (02780

matrix including A,A,,...,Ay as block diagonal entries.
Similar to the approach on P shown in one or more examples described herein, P can
be constructed.

Note that the resultant vector 17N18,N2 is 2D DFT vectors of the size of N;x8N, with
Im

oversampling factors Oy and ¢, , where O;>1 and O,28. In another example, O,

8
=1,2,...,or 7.
In one example, for a given O,, Q, is determined by index m in the component W,
(similar to one or more examples described herein).
FIGURE 26 illustrates a diagram of an example number of CSI-RS resource groups
2600 according to embodiments of the present disclosure. For example, CSI-RS
resource groups 2600 can be utilized by the UE 116 of FIGURE 3. This example is for
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[455]

[456]

[457]

[458]

[459]

[460]

[461]

[462]

[463]

illustration only and other embodiments can be used without departing from the scope
of the present disclosure.

In one example, with reference to FIGURE 26, when a number of CSI-RS
resources (or CSI-RS port groups) is 8, (i.e., K=8), 8 N;xN,-size 2D DFT vectors
(per polarization) can be utilized to form a single 4N;x2N,-size 2D DFT vector based
on the component Q,. For example, similar to the approach shown in one or more

examples described herein:

4N4,2N
v 0

PW,Q, = 0 L *N12N;
Im

where W, = diag(”ivrlﬁlvzr ___,lerNZ) and Q,=diag(a,a) and a = [a; ® a,]" and a,=

;T ; ; 37t 71 and diag(A,A.....,Ay) is a block
[1, e’(oyz)] [1 e’com)z 31(01/4) e’com)z] g(AnAz-Av)

diagonal matrix including A, A,,...,Ay as block diagonal entries.

Similar to the approach on P shown in one or more examples described herein, P can
be constructed.

Note that the resultant vector viglerNz is 2D DFT vectors of the size of 4N;x2N, with

oversampling factors O, and 0, where O;>4 and O,>2. In another example, O,

4 2
=1,2,or 3. In another example, O,=1.

In one example, for a given pair of (0,,0,), Q; is determined by index (1,m) in the
component W, (similar to one or more examples described herein).

FIGURE 27 illustrates a diagram of an example number of CSI-RS resource groups
2700 according to embodiments of the present disclosure. For example, CSI-RS
resource groups 2700 can be utilized by the UE 111 of FIGURE 1. This example is for
illustration only and other embodiments can be used without departing from the scope
of the present disclosure.

In one example, with reference to FIGURE 27, when a number of CSI-RS
resources (or CSI-RS port groups) is 8, (i.e., K=8), 8N;xN,-size 2D DFT vectors (per
polarization) can be utilized to form a single 2N;x4N,-size 2D DFT vector based
on the component Q,. For example, similar to the approach shown in one or more

examples described herein:

2Ny 4N
v 0

PW,Q, = 0 1]21\11 AN,
Lm
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[464] where w, = diag(le’Nz ., vi\%Nz) and Q,=diag(a,a) and a = [a; ® a,]” and a,=

ILm -

T T i 3Tm_ 1 and a,= . w7 and diag(A;,A,,...,Ayx) is a block
1,eJ<02/4)z,e’(02/4),e’<02/4)z] ’ [1,31(01/2)] glA1ArAY)

diagonal matrix including A, A,,...,Ay as block diagonal entries.

[465] Similar to the approach on P shown in one or more examples described herein, P can
be constructed.

[466] Note that the resultant vector vlz,%lr‘l‘NZ is 2D DFT vectors of the size of 2N;x4N, with

oversampling factors ¢ and ¢, , where O,;>2 and O,>4. In another example, O,

2 4

=1. In another example, O,=1,2,0r 3.

[467] In one example, for a given pair of (0,,0,), Q; is determined by index (1,m) in the
component W, (similar to one or more examples described herein).

[468] In one example, similar to one or more examples described herein, when
K=6,10,12,14,16,...., KN;xN,-size 2D DFT vectors (per polarization) can be utilized
to form a single K;N;xK,N,-size 2D DFT vector based on the component Q,, where
K=K;K,.

[469] In general, O;>M, and O,>M,, where M; is number of resources or port groups in i-th
dimension.

[470] Or, In general, O;€{1,2,...M,}, where M; is number of resources or port groups in i-th

dimension.
[471] [Table 1]
Number of CSI-RS a (N,N,) Number of resources:
ntenna ports, Pesgs M, xM,, (M;,M,)

4 2,

8 (2,2)

4.1)

12 (3.2)

(6,1)

16 (4,2)

8,1)

24 4,3)

(6,2)

(12,1)
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32 4,4)
(8,2)
(16,1)
64 (1,1) (32,1),(16,2),(8,4),(4,8)
(2,16),(1,32)
2,1 (16,1),(8,2),(4
A),(2,8)(1,16)
(2,2),(4,1) (8,1),(4,2),(2,4),(1,8)
(4,2),(8,1) (4,1),2,2),(1,4)
(4,4),(8,2),(16,1) (2,1),(1,2)
96 (1,1) (48,1), (24,2), (16,3), (
12,4), (8,6), (6,8), (4.1
2),(3,16), (2,24), (1,48)
2,1 (24,1), (12,2), (8,3), (6,4),
(4,6), (3,8), (2,12), (1,24)
(2,2), (4,1) (12,1), (6,2), (4.3),
(3,4), (2,6), (1,12)
(3,2), (6,1) (8,1), (4.2), (2,4), (1,8)
(4,2), (8,1) 6,1), (3,2), (2,3), (1,6)
4.3), (6,2), (12,1) @,1), (2,2), (1,4)
(4,4), (8,2), (16,1) 3,1, (1,3)
128 (1,1) (64,1), (32,2), (16,4), (8
8), (4,16), (2,32), (1,64)
2,1 (32,1),(16,2),(8,4),(4,8)
(2,16),(1,32)
(2,2),(4,1) (16,1),(8,2),(4
A),(2,8)(1,16)
(4,2),(8,1) (8,1),(4,2),(2,4),(1,8)
(4,4),(8,2),(16,1) (4,1),2,2),(1,4)
(8.4), (16,2), (32,1) (2,1),(1,2)
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[472]

[473]

[474
[475
[476
[477

e d e

[478]

[479]

[480]

[481]

[482]

[483]

[484]

In another embodiment, the second inter-resource co-phase component Q, includes
co-phase values between resource antenna groups, where the co-phase values are
quantized/reported as scalars using codebook(s)/set(s).

In one embodiment, for a codebook designed based on one or more embodiments
described herein, oversampling factors O, and O, are designed/determined according to
at least one of the following examples/embodiments.

In one embodiment, oversampling factors O, and O, are fixed.

In one example, O,=1, O,=2, O,=3, O;=4, O,=5,... or O,=128.

In one example, O,=1, O,=2, 0,=3, O,=4, O,=5,... or O,=128.

In one example, (0,,0,)=(1,1), (0,,0,)=(1,2), ..., (0,,0,)=(1,128), (0,,0,)=(2,1), (O,
,0,)=(2,2), ,...., or (0,,0,)=(128,128).

In another embodiment, oversampling factors O, and O, can be configured by higher-
layer signaling.

In one example, O, is in a set of ®,, and one of the values in the set can be
configured, where @, is a subset of {1,2,3,4,5,...,128}. In one example, ®,={4,8}.

In one example, ®,={1,2,4,8}. In one example, ®,={4,8,16,32}. In one example, P,
={4,8,16}. In one example, ®,={4,5,6,7}. In one example, ®,={4,6,8,10}. In one
example, ®,={4,6,8,10,12,14,16}. In one example, ®,={2,4,6,8}.

In one example, O, is in a set of ®,, and one of the values in the set can be
configured, where @, is a subset of {1,2,3,4,5,...,128}. In one example, ®,={4,8}.

In one example, ®,={1,2,4,8}. In one example, ®,={4,8,16,32}. In one example, P,
={4,8,16}. In one example, ®,={4,5,6,7}. In one example, ®,={4,6,8,10}. In one
example, ®,={4,6,8,10,12,14,16}. In one example, ®,={2,4,6,8}.

In one example, (0,,0,) is in a set of @, and one of the values in the set can be
configured, where @ is a subset of {(1,1),(1,2),(1,3),...,(1,128),(2,1),(2,2),(2,3).....,
(2,128),(3,1),....,(128,128) }. In one example, ®={(4.4),(8,4),(4,8),(8,8)}. In one
example, ®={(4,4),(8,4),(16,4),(4,8),(8.8),(16,8),(4,16),(8,16),(16,16)}.

In one embodiment, the supported values of oversampling factors O, and O, are
determined based on (N,N,).

In one example, (0,,0,)=(4,4) when N;>1 and N,>1. In one example, (O,,0,)=(4,1)
when N;>1 and N,=1. For example, the supported values of oversampling factors O,

and O, associated with (N;,N,) pairs follow a table including at least one of the rows
described in the following table.
[Table 2]
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(N1, N3) (01,07)
(2,1) (4,1)
(2,2) (4,4)
(4,1) (4,1)
(3,2) (4,4)
(6,1) (4,1)
(4,2) (4,4)
(8,1) (4,1)
(4,3) (4,4)
(6,2) (4,4)
(12,1) 4,1)
(4,4) (4,4)
(8,2) (4,4)
(16,1) (4,1)
[485]  In one example, the supported values of oversampling factors Oy and O, are in a

[486]

[487]

[488]

set of @y n,, where @y, y, is a subset of {(1,1),(1,2),(1,3),...,(1,128),(2,1),(2,2),(2,
3),....,(2,128),(3,1),....,(128,128)}. Any subset described herein about ® can be an
example for @y n,. For example, In one example, Py, n,={(4,4),(8,4),(4,.8),(8,8)}. In
one example, Py, n,={(4,4),(8,4),(16,4),(4,8),(8,8),(16,8),(4,16),(8,16),(16,16)}.

In one example, one set Py, y, is associated with each (N;,Ny), i.e., (N;,Ny)-specific
Dy N, -

In one example, the set @y n, is common for (N;,N,) pairs, i.e., (N;,N,)-common
Dy N, = D, V(N N,),

In one example, one of the values in @y, v, can be configured for (O,,0,) for a given

pair of (N|,N,). For example, (N;,N,) is configured with a higher-layer parameter and

its corresponding @y y, is used by NW to configure one of the values in @y y, for

(01,0,).
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[489]

[490]

[491]

[492]

[493]

In one example, a UE determines one of the values in @y, y, and includes the value
(or indicator) in a CSI report. For example, (N;,N,) is configured with a higher-layer
parameter and its corresponding @y y, is used for the UE to determine one of the
values in @y, y, for (O;,0,) and report it.

In one example, (O,,0,) values in a subset of ®y_ y, are supported values of a UE for
(01,0,), and the supported values (O,,0,) of the UE is informed/reported to the NW
(e.g., the network 130) via UE capabilities. For example, (N;,N,) is configured with a
higher-layer parameter and a subset of its corresponding @y, y, that the UE supports
is informed to the NW via UE capabilities, and the NW configures one of the values in
the subset for (O,,0,) values.

In one embodiment, the supported values of oversampling factors O, and O, are
determined based on (N;, N,), where N, and N, are total numbers of antenna ports
associated with CSI-RS resources (or antenna groups) in a first dimension and a
second dimension, respectively. In one example, N;=KN; and N,=N,. In one example,
N;=N; and N,=KN.. For example, N;=YX_ N, and N,=N,. For example, N;=N, and
N,=YK_,N,.. In one example, N;=M;N; and N,=M:N..

In one example, (0,,0,)=(4,4) when N,>1 and N,>1. In one example, (O,,0,)=(4,1)
when N;>1 and N,=1 (or when N;=1 and N,>1). For example, the supported values of
oversampling factors O, and O, associated with (N,N,) pairs follow a table including

at least one of the rows described in the following table.

[Table 3]
Number of CSI-RS a (N1, N3) (01,02)
ntenna ports, Pcsygs
4 2,1) (4,1)
8 (2,2) (4,4)
(4,1) (4,1)
12 (3,2) (4,4)
(6,1) (4,1)
16 4,2) (4.4)
8,1) (4,1)
24 (4,3) (4,4)
(6,2) (4,4)
(12,1) (4,1)
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32 (4,4) 4.4)
(8.,2) (4.4)
(16,1) 4.1)
64 (8.4) (4.4)
(16,2) (4.4)
(32,1) 4,
96 (8,6) (4.4)
(12,4) (4.4)
(16.3) (4.4)
(24,2) (4.4)
(48,1) 4,
128 (8.,8) (4,4)
(16,4) (4.4)
(32,2) (4.4)
(64,1) 4,
48 (6.4) (4.4)
(8,3) (4.4)
(12,2) (4.4)
(24,1) 4,
72 (6,6) (4.4)
9.4) (4.4)
(12,3) (4.4)
(18,2) (4.4)
(36,1) 4,

[494] In one example, the table herein can include the cases such that N,>N|, e.g.,
(N3, Ny)=(1,2), (1,4), (2,3), (1,6),.....

[495] For each dimension i€{ 1,2}, when N;>1, at least one of the following examples
is used/configured regarding the total number of SD basis vectors across multiple
resources.

[496] @ In one example, the total number of SD basis vectors N;0; = MN;0;.

[497] @ In one example, the total number of SD basis vectors N;0; = M;N;0;.
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[498]
[499]
[500]

[501]

[502]

[503]

[504]

[505]

. _ o
@ In one example, the total number of SD basis vectors N0, =M N, 0;

. — M,
@ In one example, the total number of SD basis vectors N,0; = Zrél( N0 )

Here, M; can be fixed (e.g., number of NZP CSI resources configured with the
CSlI reporting or associated with the codebook). Or M; can be determined implicitly
(without any signaling) based on at least one codebook parameter (e.g., N; or/and O;).
Or M, can be configured (e.g., via RRC) or MAC CE or DCI.

Here, M; can be fixed (e.g., number of NZP CSI resources configured with the
CSlI reporting or associated with the codebook). Or M; can be determined implicitly
(without any signaling) based on at least one codebook parameter (e.g., N; or/and O;).
Or M, can be configured (e.g., via RRC) or MAC CE or DCI.

Here, (N;,,O;,) can be fixed (e.g., from the common table). Or (N;,,0;,) can be
determined implicitly (without any signaling) based on at least one codebook
parameter (e.g., M,). Or (N;,,0;,) can be configured (e.g., via RRC) or MAC CE or
DCIL

In one example, the supported values of oversampling factors O; and O, are in a
set of (Dﬁl,ﬁz , where Cbﬁl,ﬁz is a subset of {(1,1),(1,2),(1,3),...,(1,128),(2,1).(2,2),(2,
3),....,(2,128),(3,1),....,(128,128)}. Any subset described herein about ® can be an
example for @, 5,. For example, In one example, Py, 5,={(4,4),(8,4),(4,8),(8,3)}. In
one example, g, v,={(4,4),(8,4),(16,4),(4,8),(8.,8),(16,8),(4,16),(8,16),(16,16)}.

In one example, the set Py, v, is associated with (Np Nz), ie., (Np Nz)—specific
@y, v, In one example, the supported values of oversampling factors O, and O,

follow a table including at least one of the rows in the following table.
[Table 4]

Number of CSI-RS a (N1, Ny) (01,02)
ntenna ports, Pcsygs

4 2,1) D,
8 (2,2) D,

4,1) Dy,
12 (3.2) D3

6,1 Dy
16 4,2) Dy,

8,1 Dy
24 (4,3) D,




65

WO 2024/242535 PCT/KR2024/095814
(6,2) @,
(12,1) D,
32 (4,4) D,,
(8,2) Dy
(16,1) D1
64 (8,4) Dy 4
(16,2) D6
(32,1) Dy,
96 (8,6) Dy 6
(12,4) Dy
(16,3) D5
(24,2) Dy
(48,1) Dy
128 (8,8) Dy
(16,4) D64
(32,2) D35
(64,1) Dgy
48 (6,4) D4
(8,3) Dy 5
(12,2) Dy,
(24,1) Dy
72 (6,6) D 6
9.4) Dy,
(12,3) Dpy5
(18,2) D3,
(36,1) Dy,
[506] In one example, the set Py, §, is common for (Ny, Ny) pairs, i.e., (N, N,)-common

O, 5,=D,Y(N;, N,).In one example, one of the values in P, &, can be configured for

(01,0,) for a given pair of (N;, N,). For example, (N;, N,) is configured with a higher-
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[507]

[508]

[509]

[510]
[511]
[512]
[513]

[514]

[515]

layer parameter and its corresponding ®, v, is used for NW to configure one of the
values in Py, 5, for (0,,0,).

In one example, a UE determines one of the values in ®,,5, and includes the value
(or indicator) in a CSI report. For example, (N,, N,) is configured with a higher-layer
parameter and its corresponding @y, &, is used for the UE to determine one of the
values in @y, 5, for (0,,0,) and report it.

In one example, (0,,0,) values in a subset of @, 5, are supported values of a UE
for (04,0,), and the supported values (O;,0,) of the UE is informed/reported to the NW
(e.g., the network 130) via UE capabilities. For example, (N;, N,) is configured with a
higher-layer parameter and a subset of its corresponding P, v, that the UE supports
is informed to the NW via UE capabilities, and the NW configures one of the values in
the subset for (O,0,) values.

In one embodiment, the supported values of oversampling factors O, and O, are
determined based on (M;,M,), where M, and M, are numbers of CSI-RS resources or
antenna groups in a first dimension and a second dimension, respectively.

In one example, O,=c,;M,, where c is a fixed value, e.g., c,=4, or ¢,>4, or ¢,<4.

In one example, O,=c,M,, where c is a fixed value, e.g., c,=4, or ¢,>4, or ¢c,<4.

In one example, O,=c,;M,, where c is a fixed value, e.g., c,=4, or ¢c,>4, or c,<4 for N,
>1 and O,=1 for N,=1.

In one example, O,=c,M,, where c is a fixed value, e.g., c,=4, or ¢,>4, or c,<4 for N,
>1 and O,=1 for N,=1.

For example, the supported values of oversampling factors O, and O, associated
with (M;,M,) pairs follow a table including at least one of the rows described in the

following table.

[Table 5]
Number of CS M,M,) (04,0,)
I-RS resources
K=M M,
2 2,1) (4M,,1)
4 (2,2) (4M,,4M,)
(4,1) (4,1)
6 (3,2) (4M,,4M,)
(6,1) (4M,,1)
8 (4,2) (4M,,4M,)
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8,1) (4M,,1)
12 4.,3) (4M,,4M)
(6,2) (4M,,4M)
(12,1) (4M,1)
16 (4,4) (4M,,4M>)
(8,2) (4M,,4M)
(16,1) (4M,1)
24 (6,4) (4M,,4M)
(8,3) (4M,,4M)
(12,2) (4M,,4M,)
(24,1 (4M,,1)
32 (8,4) (4M,,4M)
(16,2) (4M,,4M)
(32,1) (4M,1)
48 (8,6) (4M,,4M)
(12,4) (4M,,4M)
(16,3) (4M,,4M)
(24,2) (4M,,4M)
(48,1) (4M,,1)
64 (8.8) (4M,,4M)
(16,4) (4M,,4M)
(32.2) (4M,,4M)
(64,1) (4M,1)

[516] In one example, the table herein can include the cases such that M,> M, e.g., (M,M,
)=(1,2), (1,4), (2,3), (1,6),.....

[517] In one example, O,=c,;M,, where c, is in a set of @, and one of the values in @, can
be configured for O,, where @, is a subset of {1,2,3.4,5,...,128}. In one example,
®,={4.8}. In one example, ®,={1,2,4,8}. In one example, ®={4,8,16,32}. In one
example, ®,={4.,8,16}. In one example, ®={4.,5,6,7}. In one example, ®,={4,6,8,10}.
In one example, ®,={4,6,8,10,12,14,16}. In one example, ®,={2,4,6,8}.
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[518]

[519]

[520]

[521]

[522]

[523]

In one example, O,=c,M,, where c, is in a set of ®@, and one of the values in ®, can
be configured for O,, where @, is a subset of {1,2,3,4,5,...,128}. In one example,
®,={4.8}. In one example, ®,={1,2,4,8}. In one example, P,={4,8,16,32}. In one
example, ®,={4.,8,16}. In one example, ®,={4,5,6,7}. In one example, ®,={4,6,8,10}.
In one example, ®,={4,6,8,10,12,14,16}. In one example, ®,={2,4,6,8}.

In one example, (0,,0,)=(c;M;,c.M, ), where (c,,¢c,) is in a set of @, and one of the
values in the set can be configured, where @ is a subset of {(1,1),(1,2),(1,3),...,(1,128),
(2,1),(2,2),(2,3),....,(2,128),(3,1),....,(128,128)}. In one example, P={(4,4),(8,4),(4,8),
(8,8)}. In one example, P={(4.,4),(8,4),(16,4),(4,8),(8,8),(16,8),(4,16),(8,16),(16,16)}.

FIGURE 28 illustrates an example method 2800 performed by a UE in a wireless
communication system according to embodiments of the present disclosure. The
method 2800 of FIGURE 28 can be performed by any of the UEs 111-116 of FIGURE
1, such as the UE 116 of FIGURE 3, and a corresponding method can be performed
by any of the BSs 101-103 of FIGURE 1, such as BS 102 of FIGURE 2. The method
2800 is for illustration only and other embodiments can be used without departing
from the scope of the present disclosure.

The method 2800 begins with the UE receiving information about a CSI report
(2810). For example, in 2810, the information indicates the N, CSI-RS resources,
where N,>1 and each of the N, CSI-RS resources comprises 2N;N, dual-polarized
antenna ports. N; and N, are numbers of antenna ports associated with a same
polarization in first and second dimensions, respectively.

The UE then measures N, CSI-RS resources (2820) and determines the CSI report
associated with the N, CSI-RS resources (2830), for example, based on the information
about the CSI report. For example, in 2830, the CSI report includes and/or the UE
determines for the CSI report information of a SD basis vector v, that is common for
two polarizations for the N, CSI-RS resources for each layer I=1,... ,v, where v>1 is a
rank value; information of an inter-resource co-phase value ¢, for a CSI-RS resource
Yr#r with respect to a reference CSI-RS resource r for each layer I=1,... ,v; and
information of an inter-polarization co-phase value @, for a CSI-RS resource r. The UE
then transmits the CSI report (2840).

In various embodiments, the UE determines the inter-resource co-phase value c,; for
an entirety of a configured bandwidth. In various embodiments, the UE determines the
inter-resource co-phase value c,; for each subband (SB) of a configured bandwidth. In
various embodiments, the UE determines the inter-resource co-phase value ¢, for each
subband (SB) of a configured bandwidth, only when N,=2 and v=1.
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[524]

[525]

[526]

[527]

[528]

[529]

In various embodiments, the UE determines the inter-resource co-phase value c;

from an M-phase-shift-keying (PSK) codebook, c, = I jzrn, ne{0,1,...M-1}, 6
e’"e N

is a fixed value in [0,2x], and N is a fixed value greater than or equal to M. In one
example, 0= 5 , N=4, and M is 2 or 4.
4
In various embodiments, the UE determines the SD basis vector v,
from a 2-dimensional (2D) discrete Fourier transform (DFT) codebook

with size of N, and N, with oversampling factors O, and O,, and

NN . 2mk 2mk(N1—1) T where ke{0,1,...,0,N;
vk,m - [um ejolNlum e e 01N1 um]
N, _ .27 27 (Np—1)
Um = [1 e’02Nz . ¢’ 02Nz

-1} and me{0,1,...,0,N,-1}.
In various embodiments, the UE determines another inter-resource co-phase value

d;; to construct a 2D DFT vector UM 1N1,Mz N7 with oversampling factors 91
k.m M,

and %’
where M, and M, are numbers of CSI-RS resources in the first and second dimensions,
respectively, and N.=M,M,.

FIGURE 29 illustrates a block diagram illustrating a structure of a UE according to
embodiments of the present disclosure. FIG. 29 corresponds to the example of the UE
of FIG. 3.

As shown in FIG. 29, the UE according to an embodiment may include a transceiver
2910, a memory 2920, and a processor (e.g. controller) 2930. The transceiver 2910,
the memory 2920, and the processor 2930 of the UE may operate according to a
communication method of the UE described above. However, the components of
the UE are not limited thereto. For example, the UE may include more or fewer
components than those described above. In addition, the processor 2930, the
transceiver 2910, and the memory 2920 may be implemented as a single chip. Also,
the processor 2930 may include at least one processor.

The transceiver 2910 collectively refers to a UE receiver and a UE transmitter, and
may transmit/receive a signal to/from a base station. The signal transmitted or received
to or from the base station may include control information and data. The transceiver
2910 may include a RF transmitter for up-converting and amplifying a frequency of a
transmitted signal, and a RF receiver for amplifying low-noise and down-converting
a frequency of a received signal. However, this is only an example of the transceiver
2910 and components of the transceiver 2910 are not limited to the RF transmitter and

the RF receiver.
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[530] Also, the transceiver 2910 may receive and output, to the processor 2930, a signal
through a wireless channel, and transmit a signal output from the processor 2930
through the wireless channel.

[531] The memory 2920 may store a program and data required for operations of the UE.
Also, the memory 2920 may store control information or data included in a signal
obtained by the UE. The memory 2920 may be a storage medium, such as read-only
memory (ROM), random access memory (RAM), a hard disk, a CD-ROM, and a
DVD, or a combination of storage media.

[532] The processor 2930 may control a series of processes such that the UE operates as
described above. For example, the transceiver 2910 may receive a data signal including
a control signal transmitted by the base station, and the processor 2930 may determine
a result of receiving the control signal and the data signal transmitted by the base
station.

[533] FIGURE 30 illustrates a block diagram illustrating a structure of a base station
according to embodiments of the present disclosure. FIG. 30 corresponds to the
example of the gNB of FIG. 2.

[534] As shown in FIG. 30, the base station according to an embodiment may include
a transceiver 3010, a memory 3020, and a processor (e.g. controller) 3030. The
transceiver 3010, the memory 3020, and the processor 3030 of the base station may
operate according to a communication method of the base station described above.
However, the components of the network entity are not limited thereto. For example,
the base station may include more or fewer components than those described above.
In addition, the processor 3030, the transceiver 3010, and the memory 3020 may
be implemented as a single chip. Also, the processor 3030 may include at least one
processor.

[535] The transceiver 3010 collectively refers to a base station receiver and a base
station transmitter, and may transmit/receive a signal to/from a terminal. The signal
transmitted or received to or from the terminal may include control information
and data. The transceiver 3010 may include a RF transmitter for up-converting and
amplifying a frequency of a transmitted signal, and a RF receiver for amplifying low-
noise and down-converting a frequency of a received signal. However, this is only
an example of the transceiver 3010 and components of the transceiver 3010 are not
limited to the RF transmitter and the RF receiver.

[536] Also, the transceiver 3010 may receive and output, to the processor 3030, a signal
through a wireless channel, and transmit a signal output from the processor 3030
through the wireless channel.

[537] The memory 3020 may store a program and data required for operations of the base

station. Also, the memory 3020 may store control information or data included in a
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[538]

[539]

[540]

signal obtained by the base station. The memory 3020 may be a storage medium, such
as read-only memory (ROM), random access memory (RAM), a hard disk, a CD-
ROM, and a DVD, or a combination of storage media.

The processor 3030 may control a series of processes such that the network entity
operates as described above. For example, the transceiver 3010 may receive a data
signal including a control signal transmitted by the terminal, and the processor 3030
may determine a result of receiving the control signal and the data signal transmitted
by the terminal.

Any of the above variation embodiments can be utilized independently or in
combination with at least one other variation embodiment. The above flowchart(s)
illustrate example methods that can be implemented in accordance with the principles
of the present disclosure and various changes could be made to the methods illustrated
in the flowcharts herein. For example, while shown as a series of steps, various steps
in each figure could overlap, occur in parallel, occur in a different order, or occur
multiple times. In another example, steps may be omitted or replaced by other steps.

Although the present disclosure has been described with exemplary embodiments,
various changes and modifications may be suggested to one skilled in the art. It is
intended that the present disclosure encompass such changes and modifications as fall
within the scope of the appended claims. None of the descriptions in this application
should be read as implying that any particular element, step, or function is an essential
element that must be included in the claims scope. The scope of patented subject

matter is defined by the claims.
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[Claim 1]

[Claim 2]

[Claim 3]

[Claim 4]

[Claim 5]
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Claims

A user equipment (UE) in a wireless communication system, the
UE comprising:

a transceiver; and

a controller coupled to the transceiver, and configured to:

receive information about a channel state information (CSI)
report, the information indicating N, CSI reference signal (CSI-
RS) resources, where N,>1 and each of the N, CSI-RS resources
comprises 2N;N, dual-polarized antenna ports, wherein N, and N,
are numbers of antenna ports associated with a same polarization
in first and second dimensions, respectively,

measure the N, CSI-RS resources,

determine the CSI report associated with the N, CSI-RS resources,
and

transmit the CSI report,

wherein the CSI report includes information of a spatial-domain
(SD) basis vector v, that is common for two polarizations for

the N, CSI-RS resources for each layer 1=1,...,v, where v>1is a

rank value, information of an inter-resource co-phase value c,;
for a CSI-RS resource Vr#r with respect to a reference CSI-RS

resource 1 for layer 1, and information of an inter-polarization co-

phase value ¢, for a CSI-RS resource r.

The UE of Claim 1, wherein the controller is further configured
to:

determine the inter-resource co-phase value c,, for each layer
1=1,...,v for an entirety of a configured bandwidth.

The UE of Claim 1, wherein the controller is further configured

to:

determine the inter-resource co-phase value c;; common for all

layers 1=1,...,v for each subband (SB) of a configured bandwidth.

The UE of Claim 1, wherein the controller is further configured

to:

determine the inter-resource co-phase value c,; for each subband
(SB) of a configured bandwidth, only when N,=2 and v=I.

A base station (BS) in a wireless communication system, the BS

comprising:

a transceiver, and
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[Claim 6]

[Claim 7]

[Claim 8]

[Claim 9]
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a controller coupled to the transceiver, and configured to:
transmit information about a channel state information (CSI)

report, the information indicating N, CSI reference signal (CSI-
RS) resources, where N,>1 and each of the N, CSI-RS resources
comprises 2N;N, dual-polarized antenna ports, wherein N, and N,
are numbers of antenna ports associated with a same polarization
in first and second dimensions, respectively,

transmit on the N, CSI-RS resources, and

receive the CSI report associated with the N, CSI-RS resources,
wherein the CSI report includes information of a spatial-domain
(SD) basis vector v, that is common for two polarizations for

the N, CSI-RS resources for each layer 1=1,...,v, where v>1 is a

rank value, information of an inter-resource co-phase value c,,
for a CSI-RS resource Vr#r~ with respect to a reference CSI-RS

resource 1 for layer I, and information of an inter-polarization co-

phase value ¢, for a CSI-RS resource r.

The BS of Claim 5, wherein the inter-resource co-phase value

¢, for each layer I=1,...,v is for an entirety of a configured
bandwidth.

The BS of Claim 5, wherein the inter-resource co-phase value

¢,; is common for all layers 1=1,...,v for each subband (SB) of a
configured bandwidth.

The BS of Claim 5, wherein the inter-resource co-phase value c;
is for each subband (SB) of a configured bandwidth, only when N,
=2 and v=1.

A method performed by a user equipment (UE) in a wireless
communication system, the method comprising:

receiving information about a channel state information (CSI)
report, the information indicating N, CSI reference signal (CSI-
RS) resources, where N,>1 and each of the N, CSI-RS resources
comprises 2N;N, dual-polarized antenna ports, wherein N; and N,
are numbers of antenna ports associated with a same polarization
in first and second dimensions, respectively;

measuring the N, CSI-RS resources;

determining the CSI report associated with the N, CSI-RS
resources; and

transmitting the CSI report,
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[Claim 10]

[Claim 11]

[Claim 12]

[Claim 13]

[Claim 14]
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wherein the CSI report includes information of a spatial-domain
(SD) basis vector v, that is common for two polarizations for

the N, CSI-RS resources for each layer 1=1,...,v, where v>1is a

rank value, information of an inter-resource co-phase value c,;
for a CSI-RS resource Vr#r with respect to a reference CSI-RS

resource 1 for layer 1, and information of an inter-polarization co-

phase value ¢, for a CSI-RS resource r.

The method of Claim 9, further comprising:

determining the inter-resource co-phase value c,; for each layer
1=1,...,v for an entirety of a configured bandwidth.

The method of Claim 9, further comprising:

determining the inter-resource co-phase value c,; common for all
layers 1=1,...,v for each subband (SB) of a configured bandwidth.
The method of Claim 9, wherein further comprising:

determining the inter-resource co-phase value c,; for each
subband (SB) of a configured bandwidth, only when N,=2 and
v=1.

A method performed by abase station (BS) in a wireless
communication system, the method comprising:

transmitting information about a channel state information (CSI)
report, the information indicating N, CSI reference signal (CSI-
RS) resources, where N,>1 and each of the N, CSI-RS resources
comprises 2N;N, dual-polarized antenna ports, wherein N, and N,
are numbers of antenna ports associated with a same polarization
in first and second dimensions, respectively;

transmitting on the N, CSI-RS resources; and

receiving the CSI report associated with the N, CSI-RS resources,
wherein the CSI report includes information of a spatial-domain
(SD) basis vector v, that is common for two polarizations for

the N, CSI-RS resources for each layer 1=1,...,v, where v>1is a
rank value, information of an inter-resource co-phase value c,,
for a CSI-RS resource Vr#r with respect to a reference CSI-RS
resource 1 for layer 1, and information of an inter-polarization co-
phase value ¢, for a CSI-RS resource r.

The method of Claim 5, wherein the inter-resource co-phase
value c,, for each layer 1=1,...,v is for an entirety of a configured
bandwidth.
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[Claim 15] The method of Claim 5, wherein the inter-resource co-phase value
¢,; is common for all layers 1=1,...,v for each subband (SB) of a

configured bandwidth.
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[Fig. 16]
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[Fig. 18]
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[Fig. 20]
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[Fig. 22]
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[Fig. 25]
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[Fig. 26]
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[Fig. 27]

XX XX XXX XX X

Resource (Group) 6 : :  Resource (Group) 7
XX XX XX X XX X
XX X X XX X X X X

Resource (Group) 4 : )  Resource (Group) 5
XX XX XXX XX X
X X X X XX X X X X

Resource (Group) 2 : : Resource (Group) 3
XX XX XX X XXX
X X X X XX X X X X

" i, : : Resource (Group) 1
XX XX . XX XK KX X;

Resource (Group) 0 0 N1
1= dim.

[Fig. 28]

Receive information about a CSI report.

Measure Ny CSI RS resources.

Determine the CSI report associated with the
N, CSI RS resources.

Transmit the CSI report. r 2840




22/22

WO 2024/242535 PCT/KR2024/095814

[Fig. 29]
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